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C-ENERAL 311:11 ARY
In v e s t i g a t i o n s  have been ca r r ied  out in to  the l i f e  
o f  var ious Anion Exchange Resins employed on the Rand f o r  
the ex t ra c t ion  o f  uranium from the uranium Leach L iquors .
I t  was found that in  the case o f  the leach  l iq u o r s  
p ”• oduce'd a t the Res tern Reefs !  i  1  o t V1 an t , and o t  the 
Rest  Rrnd Consolidated Uranium p lan t ,  the major f a c t o r  
causing a decre- s-e in the e f f i c i e n c y  o f  the Ion exchange 
re s in s  res  the presence o f  c e r ta in  chemical poisons in 
these pregnant so lu t ions .  These poisons s e r e  i d e n t i f i e d  
as the Coba lt icyan ide  Anion Co(CM)g ‘ 1 1  and the Te tra -  
th ionate  anion S4OQ• 1. Doth these compounds are  derived, 
from cyan idat lon  o f  the ore  f o r  gold ex t ra c t ion  p r i o r  to 
the uranium leach .  The cob a l t ! c ya n id e  i s  formed during 
the cyanic!atlon, and a lso  in ce r ta in  cases during the 
add it ion  o f  a recyc led  Manganese Diox ide  s lu r r y  conta in ing 
co b a l t  to the s l i g h t l y  a lk a l in e  cyanide res idue ,  conta in­
ing  traces  o f  cyrn lde  anions. The t e t ra th ion a te  i s  formed 
by the ox ida t ion  o f  thiocyanate onions, formed, during 
cyan ida t lon ,  by the acid o x id i z in g  cond it ions  obtained in 
the uranium leach .  The amount o f  these compounds appearing 
in the pregnan t so lu t ions  can be cons iderab ly  reduced by 
the thorough washing o f  the cyanide res idue p r i o r  to the 
uranium leach .
Of these two chemical po isons, the c o b a l t ! c ya n id e  
anion i s  the most ser ious .  Although g e n e r a l l y  p resen t  In 
smaller  concentrat ions than the te t ra th ion a te  anions, i t  
i s  s t rong ly  adsorbed by the r e s in ,  and once adsorbed Is
extren e ly
extremely d i f f i c u l t  to remove. I t  th e re fo re  con s t i tu te s  
a ser ious cumulative po ison. The t e t ra th io n c te  anion on 
the o ther  hand, although s t ron g ly  adsorbed, i s  p a r t i a l l y  
removed, by the acid n i t r a t e  e lu t in g  so lu t ion ,  and can 
a lso  be complete ly  removed by regenera t ion  procedures 
such as t r e a t in g  the poisoned res in  v i t h  30$ NaOH o r  5$ 
haoS, A method van developed f o r  the removal o f  c o b a l t !  -  
cyanide from the poisoned res in s  by means o f  hot 50$ 
but th is  was not economic on a l a r g e  s c a le .
There fo re  s e ve ra l  a l t e r n a t i v e  methods mere discussed v i t h  
a v i e v  to the e l im ina t ion  o f  the caba l t icyan ide  anions 
be fo re  coming in to  contact  v i t h  the Ion exchange columns.
Experiments mere a lso  conducted on the l i f e  o f  
var ious res ins  opera t ing  on pregnant so lu t ions  produced 
a t  the B ly v o o ru i t z i c h t  .VI lot  V lan t.
In these so lu t ions  the amounts o f  the poisons mere 
ve ry  small and d id  not  c o n s t i tu t e  a major cons iderat ion  
in the l i f e  o f  the r e s in s .  In th is  case a d e ta i l e d  study 
t-.-as made o f  the res in  lo s ses  l i k e l y  to occur due to the 
d i s in t e g r a t i o n  and subsequent removal o f  the f i n e  res in  
p a r t i c l e s  during the backwashing opera t ions .  I t  was 
found that by taking ce r ta in  precaut ions ,  these lo s s e s  
could be reduced to a minimum, so that no spec ia l  cons iderat ion  
need be devoted to the production o f  a r es in  -vith an except ion­
a l l y  high abrasion res is tan ce .
INTRODUCTION
I NTRODUCTION
The uce o f  syn the t ic  organ ic  anion exchange res in s  
prov ided an e f f i c i e n t  and economic method o f  i s o l a t i n g  uranium 
from the land leach  l i q u o r s .  This p a r t i c u la r  a p p l i c a t io n  o f  
ion exchange was unusual in that these res ins  mere used not 
on ly  to obta in a uranium concentrate  from f a i r l y  d i lu t e  
so lut ions but a lso  to separate the uranium from a r e l a t i v e l y  
l a r g e  concentrat ion  o f  im pu r i t ie s  a r i s in g  from the acid
•M
lea ch ing  o f  the Rond Cyanide res idues .
Because o f  th is  v id e  v a r i e t y  o f  compounds occu rr ing  in 
the leach  l i q u o r s , i t  was i n i t i a l l y  apprec ia ted  that a strong 
p o s s i b i l i t y  ex is ted  that these ion exchange res in s  mould 
ev en tu a l ly  become poisoned and unsu itab le  f o r  fu r th e r  use.
One o f  the major expenses in vo lved  in the separat ion  
o f  uranium by means o f  anion exchange was the high i n i t i a l  
co s t  o f  the exchange res ins .  I t  mas th e r e fo r e  apparent that 
the lon ge r  the use fu l  l i f e  o f  these r e s in s ,  the lower  mould 
he the production costs  pe r  l b .  o f  uranium.
An in v e s t i g a t i o n  mas thus considered necessary in to  
the ways whereby the l i f e  o f  these res ins  might be decreased, 
e i t h e r  by po ison ing ,  phys ica l  d i s in t e g r a t i o n  or any o ther  
means, and a lso  mhat p ro v is ion  should be made to ensure as 
long  a res in  l i f e  as p o ss ib le .
At t'~e same t in e  a. comparative study o f  the d i f f e r e n t  
anion exchange res ins  then a v a i l a b l e  mould be o f  g r ea t  value 
in ensuring that the most su i ta b le  res in  as regards s t a b i l i t y ,  
capac ity  and r es is tan ce  to po ison ing  should be chosen f o r  
the f u l l  sca le  operat ion  o f  the uranium ex tra c t ion  p lan ts .
The la r g e  sca le  use o f  the ion exchange process i n t r o ­
duced in to  South A f r i c a  a new technique about which only  the
fun dan e n t o l s , . . e> ® © ©
fundamentals were understood, I t  was important, th e r e fo r e ,  
to c o r r e la t e  the vas t  amount o f  work that had been done in  
o ther  countr ies  on o ther  a pp l ica t ion s  w ith  the s p e c i f i c  
problem o f  e x t ra c t in g  uranium from the Rand, leach  l i q u o r s ,
To th is  end. a system o f  standard tes ts  was necessary f o r  the 
eva luat ion  o f  the s u i t a b i l i t y  o f  the var ious  onion exchange 
res in s  f o r  the ex t ra c t ion  o f  uranium.
SCOPE OF T-TE INVESTIGATION
SECTION^A. A Study o f  the P o i soning Occurr ing  on the 
Western Reefs  P i l o t  P la n t  an<3 the Nest Rand Consolidated.
Anion Exchange R es lsn , A n b e r l l t e  I RA.4Q0.
In v e s t i g a t i o n s  were ca r r ied  out on samples o f  poisoned 
A n b e r l i t e  IRA .400 res in  from the Western Reefs P i l o t  P lan t ,  
These res in s  had become poisoned almost immediately a f t e r  
being put in to  opera t ion .  La te r  i t  was found that  the res in  
from the West Rand Consolidated Uranium P la n t  suffered, from 
the same type o f  po ison ing  and the techniques developed f o r  
Western Reefs were app l ied  in  the case o f  the l a t t e r  r e s in s ,
The in v e s t i g a t i o n s  covered the f o l l o w in g  f i e l d ; -
(a )  I 'ethods o f  r egen era t ing  the poisoned r e s in ,
(b) A fundamental study o f  the nature o f  the po isons,
( c )  The methods whereby the poisons are introduced in to
the pregnant so lu t ions ,
(d) A d e ta i l e d  study o f  the fa c t o r s  in f lu e n c in g  the formation
o f  the poisons a t  the 'West Rand Consolidated. P lan t ,
( e )  P re l im in ary  t e s t s  on the e l im ina t ion  o f  the po isons,  and
the d iscuss ion  on the var ious methods be ing studied by 
other  in v e s t i g a t o r s .
SECTION B. In v e s t i g a t i o n s  in to  the L i f e  o f  Various Resins 
Operating on B ly vo o ru l t z i c ht Pregnant a o lu t l o n s .
In v e s t i g a t i o n s  were ca r r ied  out on the l i f e  o f ,  i n i t i a l l y ,  
A n b e r l i t e  IR A .400 and Dowex I  r e s in s ,  and. l a t e r  a lso  Ionac SE 
and Permut.it SE re s in s  on B ly v o o ru i t z i c h t  Pregnant So lu t ions .
The in v e s t i g a t i o n s  were commenced on so lu t ions  obtained 
from the P i l o t  P la n t ,  but l a t e r  i t  was found necessary to 
produce these so lu t ions  at  the Government M e ta l lu r g i c a l
Laboratory
Laboratory  under standard cond it ions  to p rov ide  comparable 
r e s u l t s .
The in v e s t i g a t i o n s  covered the f o l l o w in g  f i e l d s  -
(a )  A study o f  the mechanical lo sses  o f  r es in  occurr ing
during Uranium ex trac t ion  opera t ions .
(b) A study o f  the fa c to r s  in f lu en c in g  the d i s in t e g r a t i o n
o f  the var ious re s in s  during column opera t ion .
(c )  A study o f  the chemical po ison ing  occurr ing  on res in s
opera t ing  on B ly v o o ru l t z l c h t  Pregnant So lu t ions .
(d )  A b r i e f  comparison o f  the s u i t a b i l i t y  o f  the var ious
res ins  under l i f e  t e s t .
SECTION C. Standard Tests  and A n a ly t i c a l  Methods.
During the course o f  the in v e s t ig a t io n , ,  i t  was necessary 
to develop c e r ta in  standard t e s t s  and a n a ly t i c a l  methods 
whereby the p r o p e r t i e s  o f  the var ious f r e sh  and poisoned 
r e s in s  could be assessed.
The standard te s ts  and a n a ly t i c a l  methods developed 
were as f o l l o w s : -
(a )  Uranium capac i ty  and ch lo r id e  capac i ty  t e s t s .
A standard t e s t  was developed whereby the actua l  capac i ty  
o f  the res in s  fo r  e x t r a c t in g  uranium could be measured. -’h is  
t e s t  was necessary  to r ep lace  the capac i ty  tes ts  using p reg ­
nant so lu t ions  used by e a r l i e r  in v e s t i g a t o r s ,  s in ce  the capa­
c i t y  o f  the res ins  using these so lu t ions  was su b je c t  to too 
many v a r ia b le s ,  the s i g n i f i c a n c e  o f  which was not  f u l l y  understood 
understood.
(b )  Analyses o f  the res in s  f o r  t o t a l  n i t ro g en ,  ash, s i l i c a ,  
t o t a l  sulphur, c o b a l t ,  i r on ,  uranium, and c e r ta in  other  
n o n - v o l a t i l e  elements.
These methods were merely adapted from standard a n a ly t i c a l  
procedures to apply to r es in  analyses.
( c ) a . .. .
( c )  A method o f  ana lys is  f o r  t e t ra th ion a te s  on anion exchange
r e s in s „
ho method wan p re v iou s ly  a v a i l a b l e  f o r  determining the 
amount o f  th is  poison on the r e s in s .  A new method was developed 
during the course o f  the in v e s t i g a t i o n  in to  the nature o f  the 
poisons and adapted f o r  a n a ly t i c a l  use.
(d) A c o l o u r in e t r l c  method o f  ana lys is  f o r  t e t ra th io n a te  In
pregnant and e lu t in g  so lu t ions .
ho method was a v a i l a b l e  f o r  the determination o f  trace  
amounts o f  t e t ra th io n a te  in the presence o f  l a r g e  amounts o f  
S04 ' ‘ > *’e+ ‘ "* o ther  im p u r i t i e s .  A c o l o u r in e t r l c  method was 
deve loped, and the e f f e c t  o f  c e r ta in  va r ia b le s  in the exper i ­
mental .procedure studied .
( e )  Ana lys is  o f  p lan t  so lu t ions  f o r  traces  o f  coba l t ic yan id e
anion.
A s e n s i t i v e  c o l o u r in e t r l c  method f o r  the determination 
ox cob a l t  was a v a i l a b l e  and was adapted to the determination 
o f  c o b a l t i  cyanide anions from c a t io n ic  cob a l t  and o ther  in t e r f e r in '  
elements.
i.he standard t e s ts  and a n a ly t i c a l  methods were i n v e s t i ­
gated only  as f a r  as was necessary to ensure that  adequate 
and rep rodu c ib le  r e s u l t s  were obtained o f  s u f f i c i e n t  accuracy 
to s a t i s f y  the requirements o f  the in v e s t i g a t i o n s  on hand.
HISTORICAL REVIEW
The l i t e r a t u r e  contains a vas t  amount o f  repor ted  work 
on Ion exchange, and only that  d i r e c t l y  connected with tLib 
thes is  w i l l  be included in  th is  rev iew . The repor ted  work 
i s  considered In two sec t ion s .  The f i r s t  inc ludes experiments 
undertaken a t  the Massachusetts I n s t i t u t e  03. technology In 
America, and the Chemical Research Laboratory ,  Teddington, 
England, which were d i r e c ted  s p e c i f i c a l l y  towards the ex trac ­
t ion  o f  Uranium from Rand. Leach L icuors ,  and described in a 
s e r i e s  o f  s e c r e t  r ep o r ts .
The second Includes a Review o f  A r t i c l e s  appearing in 
the o e r l o d i c a l  l i t e r a t u r e  -h ich  contains in formation p e r ta in in  
to the work ca r r ied  out in th is  in v e s t i g a t i o n .
I  REV .ECUS WORK CARRIED 
TECH^OLORY AMD T!TE Cm
OUT AT ITS LASSACHUEETTo CMSTITUTS OF 
rToAI RESEARCH LABORATORY. TEDhlYlTOY
,119
In a re 'oort issued in  August 1949, N.1 . 0c h i f l 
descr ibes  attempts to i s o l a t e  Uranium from Rand Leach Liquors 
using the Cation exchange res in  N a l e i t e  HCR. These attempts 
were unsuccessfu l,  a concentrat ion  o f  a l l  trie ca t ions  except 
s i l i c a  being obta ined.
La te r  both the Dow Chemical Laboratory and the E a t e l l e 
Memorial I n s t i t u t e  showed that  Urenyl Uranium i s  capable o f  
be ing adsorbed on onion exchange res ins  from so lu t ions  con­
ta in ing  e i t h e r  sulphates o r  phosphates as complex uranyl
sulphate or phosphate anions.
Mtr,T4 S c h i f f a c t i n g  on these suggest ions , undertook,
exoerimentn on the sulphuric acid leach  l iq u o rs  obtained on 
the Rand, using the anion exchange res ins  Dowex I ,  Dovex I I ,  
and Amber l i te  IRA .400. S c h l f f  showed that by using a s in g l e
3/ co lu m n , . , . .
~ 2 -
column o f  Dowex I ,  as much as 9?>? o f  the Uranium present  in 
the leach  l i q u o r s  could be I s o la t e d  in a reasonably pure form, 
T'e a lso  found that the c a p a c i t i e s  f o r  Uranium o f  the three 
re s in s  studied were os fo l lo w s
Capacity  la  Mgms. U^O^/g res in
28 mesh -  20 mesh
/
. Amber l l te  IR A ,400 45 46 !
Dowex I 43 45
Dowex H 41 42
Amberl l te  IRA ,400 was observed to have the h ighes t  reac t ion  
r a t e ,
The use o f  an acid e lu t in g  so lu t ion  (namely 0.9M MaCl 
and 0.1N HOI) was reported  to be e f f e c t i v e  in  removing the 
adsorbed uranium from the anion exchange r e s in ,
A marked d i f f e r e n c e  was observed in the e f f l e i e n c y  o f  
th is  Ion exchange process opera t ing  on the two types o f  preg­
nant so lu t ions  produced a t  that time. In the case o f  the "X" 
leach  l i q u o r  ( a t  a pTT o f  approximately 1 .5 )  about f i v e  times 
as much res in  i s  requ ired  as in the case o f  the !,Y I! leach  
l i q u o r  (where a l a r g e  po r t ion  o f  the excess acid was n eu t ra l ­
i z e d  w ith  l im e ,  b r in g in g  the so lu t ion  to a pH o f  3,0)®
An approximate cos t  est imate was g iven ,  based on a s in g le  
column operat ing  on a B ly v o o ru i t z l c h t  pregnant so lu t ion ;  t r e a t in g  
4 , 0 ’0 tons o f  ore a day and assuming a res in  l i f e  o f  1,000 c y c le s .
Cost in | )/ lb .  U?On
(1) He sin 375 f t . 3 @ j7 0 / f t ,3
26,250 0.05
(2 ) HaCl 5,75 lbs/ton ore ® $ l . l / c w t ,  0.16
(3 ) HCl 0.04
(4 )  NH, 0 „_04o
To ta l  c o s t  o f  r es in  and reagents 0.29
3/ Thi s * . . .
-  3 -
This represented a maximum cost  and i t  was r ea l i s e d
that  there were many means vhereby the above f i g u r e  could be
s u b s ta n t ia l l y  reduced. Never the less  th is  process prov ided
the most economic means o f  I s o l a t i n g  the uranium found to
date .  The author based, h is  estimate o f  the r e s i n ' s  l i f e  on
the exper ience o f  the manufacturers, who claimed that the
Domex I  r e s in ,  a f t e r  ten t ing  w ith  27°Be phosphoric acid f o r
1,000 cyc les  shored no serious decrease in capac i ty .
1Q1In a l a t e r  r ep o r t  by 0. B a i le y , '  and in a th ird  rep o r t  
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by N . " .  S c h i f f ,  methods thereby  the above process  might 
be improved by the use o f  three columns o f  r es in  in  s e r i e s ,  
and the p o s s i b i l i t y  o f  r e - c y c l in g  the e lu t in g  so lu t ion  reagents ,  
v:ere in v e s t i g a t e d .  I t  was shoxvn that much l e s s  r es in  was 
requ ired  in the three column system and that  no d i f f i c u l t y  
was immediately apparent In r e - c y c l i n g  the e lu t in g  reagents ,  
thus s u b s ta n t ia l l y  reducing the cos t  o f  th is  p rocess .
122 1 onN.L. Barnard, and l a t e r  (J.v;. Lower, In r ep o r ts
dea l in g  w ith  the fundamental r ea c t ion s  taxing p la c e ,  showed
that  the adsorbtion o f  uranium on Amber l i te  IRA.4X) could be
represented by the f o l l o w in g  reac t ion ;  --
( x  -  1) %S04 + VOpS O ^ ± ^ 2x_ 2 )U02 (S04 )x j
Where R~ represents  the a c t i v e  group on the anion e xchange 
r e s in .  By measuring the amount o f  sulphate and uranium in 
the e lua tes ,  the f o l l o w in g  r a t i o s  w^ere ob ta ined :-
= 2,9raols SO,- !
mo Is  U
and molar capac i t y  o f  res in  f o r  Cl 
molar capac i ty  o f  r e s i n ’ToFTT"
suggest ing  that the formula o f  'the uranyl complex was
K ' s V sL "  -
In these e x c e l l e n t  r ep o r ts  a cons iderab le  amount o f  
work was descr ibed  on the measurement o f  the Ch lor ide  capac ity
4/ and 0  <? ®
4and the Uranium capac i ty  o f  the res in  (Amber'l lte IR A ,400) which 
formed the bas is  o f  the standard t e s ts  g iven in  th is  Thesis .
Oberg124 In v e s t ig a t ed  the f e a s i b i l i t y  o f  in troduc ing  
the r e s in  in to  the ac id  pulp b e fo re  f i l t r a t i o n .  The conclusion 
reached was that  there ex is ted  n d i s t i n c t  p o s s i b i l i t y  o f  e l im ina­
t in g  f i l t r a t i o n  by th is  procedure. T7owever the most inn o r  tent  
p a r t  o f  th is  r e p o r t  i s  the comparison between the d i f f e r e n t  types 
o f  r es in  and the e f f e c t  o f  c e r ta in  va r iab le s  on the adsorbt ion  o f  
Uranium. The res in s  studied were Dowex I ,  Dowex I I ,  Amber l i te  
IRA .400, Amberl i te  XS.98, l e r m u t l t  XAX, Amber l i te  IR4B, Oeac id i te  
E ( B r i t i s h ) ,  D eac id l te  (U .S .A . ) ,  l e rm u t l t  S, Amber l i te  410 and 
Xonac 300. I t  was found that as regards ra te  o f  r eac t ion  o,nd 
capac i ty ,  the Am ber l i te  IRA.400 res in  surpassed any o f  the o thers .
In add it ion  Oberg studied the f o l l o w in g  v a r ia b le s  
In f lu en c in g  the adsorbtion o f  uranium,
( 02 TJlg. e f f e c t  o f  ■partic le  s i z e.. where i t  was found that the 
sm a l le r  the p a r t i c l e s ,  the h igher  the ra te  o f  adsorbt ion ,
(b )  Xbg_e f f e c t  o f  the percen tage1 cro'Ssli nking o f  t he r e s in ,  where 
i t  was found tha t  the h igher  the c ro s s l in k in g ,  the g r e a t e r  the 
amount o f  uranium adsorbed and the f a s t e r  the r ea c t ion  r a t e .
( H!hg..e f f e c t  o f  the o "  and f e r r i c  ion concen t r a t i on l-n the
Leach l iq u o rs  on the adsorbtion o f  Uraniurn.
Oberg claimed that  i t  was the h igher  pTT o f  the «Y« process 
leach  l i q u o r  and not the lower  f e r r i c  ion concentrat ion  t ’’ a t  
was respons ib le  f o r  i t s  super io r  adsorbtion p r o p e r t i e s  compared 
w ith  t%e "X" process leach  l i q u o r .
P u r s e r  s tud ies  by P a h  S c h i f f 127 on the three column 
adsorbtion procedure, enabled, him to a r r i v e  a t  a more accurate 
est imate  o f  the cos t  o f  e x t ra c t in g  uranium from the Rand 
cyanide res idues .
The reagent  consumptions - iven  below are based on a p lan t
5/ t r e a t i n g , , . . . . .
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t r e a t in g  4,000 tons o f  ore a day and a recovery  o f  0.4 lbs  UgO^/ 
ton o re .  The assumed reagents costs  a r e ; -
Resin - © 63/ cu..
HC1 - |) 24/ ton
NH, - | 80/ ton
H2504 - $ 10/ ton
I’nOQ - | 80/ ton
CaC03 - |? 6/ ton
Complete r es in  replacement i s  assumed, a t  one y e a r ’ s 
operat ion  o f  1,000 cyc le s  in the case o f  the "Y" leach  l i q u o r ,  
and h a l f  a year  o r  .1,000 cyc les  in  the case o f  the "X" leach 
l i q u o r .
aY" Leach L iquor "X" Leach L iqu or
lbs/ ton  ore 1$/lbUg,0n lbs/ ton ore IL/J-b u 3^6
- 2so4 55 0o 69 48 Op 60
I'nOo 10 1.00 8«, 5 0.85
C &C rro 25 0.19 0 o .j
TTC1 0.55 0.05 2„ 5 0.23T-Tt?• ■ ' ' *7 0.30 0.03 1 .3 0.13
R eb in . 400 cu f t .  0 c. 05 800 0.18
2.01 Ip 99
From these f i g u re s  i t  rns apparent that there mas 
e s s e n t i a l l y  no d i f f e r e n c e  between the two processes from an 
economic p o in t  o f  view.
in a fu r th e r  r e p o r t ,  F.H. S c h i f f ^ ^  in v e s t i g a t e d  the 
p o s s i b i l i t y  o f  using anion exchange r e s in s  subsequent to counter- 
current  decantat ion and shored that th is  method was ju s t  as 
e f f e c t i v e  in e x t ra c t in g  the uranium from these so lu t ions .
Further studies-*-^ on the “X15 process leach  l i q u o r  
in d ica ted  that  the optimum pH o f  the pregnant so lu t ion  to be 
1 .4 ,  rh ich  i s  contrary  to F. Oberg ’ e a sse r t ion  that i t  i.s th is  
l o r  pH rh ich  i s  r espons ib le  f o r  the I n f e r i o r  load ing  p ro p e r t i e s  
o f  these so lu t ions .
During these l a t t e r  in v e s t i g a t i o n s  i t  ran found that  the
0/ e f f i c i e n c y o  o
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e f f i c l e n c y  o f  the res in  had r a p id ly  d e t e r io r a t e d .  The adsorp­
t ion  o f  Uranium from the so lu t ions  had. drowned from 9?//j to 35/.
In 24 cy c le s .  A 6N PCI w\?sh Increased  the adsorbt lon  to only 
84/.” which r a o ld ly  dropped amain to 70%, Mo attempt v;ae made 
to determine the reason f o r  th is  drop In capac i ty ,  and analyses 
o f  the poisoned res in  f a i l e d  to show the presence o f  any 
p a r t i c u la r  impurity .
In an Tngl 1 sh rep or t  by T.T). Par butt  and. 8 .L .  B'llward,' 
a s im i la r  s e r i e s  o f  t e s t s  to those rev iewed above, are  descr ibed ,
A syn the t ic  pregnant so lu t ion  was used f o r  these tests  and very  
s im i la r  r e s u l t s  were obtained.
The most comprehensive s e r i e s  o f  repor ts  on the une o f  
ion  exchange res in s  on the Rand leach  l iq u o rs  are those d i s c r ib in g
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work done by T.V. Arden, R.3. Olsen, J .J .  Brunner and H.D. McDonald 
133,140.141 on the design and opera t ion  o f  ion exchange columns 
at  the V/estern Reefs  and B ly vo o ru l t ? ich t  P i l o t  P lan ts .
The l a s t  o f  these r ep o r ts  by R.5. 01senloS  goes in to  f u l l  
d e t a i l  o f  the opera t iona l  procedure, reagent  requirements, design 
ca lcu la t ion s  and the e f f e c t  o f  r e c y c l in g  e lu t in g  so lu t ions  a t  
the V.'estern Reefs P i l o t  P la n t .  In add it ion  a short  s e r i e s  o f  
t e s t s  on a simulated best  Raid Consolidated pregnant so lu t ion
was c a r r i ed  out. This r e p o r t ,  which i s  used, as a standard r e f ­
erence on the operat ion  o f  the ion exchange columns, can be con­
s idered  to represent  a d e ta i l e d  d e sc r ip t io n  o f  the manner In 
which ion exchange w i l l  be used on the l a r g e  sca le  uranium p lan ts .
An e x c e l l e n t  summary o f  a l l  the work ca r r ied  out at the 
Massachusetts I n s t i t u t e  o f  Technology up to the 1 s t  August 1950 
i s  g iven  in a r e s o r t  by R, R. McDonald, J .J .  Brunner, J . Dasher 
rnd D. Kaufman1*"3 * This summary includes an ana lys is  o f  the cost, 
o f  producing uranium by means o f  anion exchange which in probably 
the most r e l i a b l e  obta ined a t  th is  stage.
7/ Item
7I  ten £/month s h i l l in g s / lb .  Uo-0
Labor 1,654 0,09
Sun - l i e s 1,044 0.49
Reagents Resin 1,100 0.52
NH* 2,250 1.07
HGi! 1,500 Oo 72
0verhead Amortl 7,a t ion o f  P lan t
To ta l  C ap ita l  Cost ( in c lu d in g  i n t e r e s t )
£201,240 1 , 675 0.80
4.4
However, the work o f  Olsen1^3 has shown that the
reagent  costs ( Excluding the r e s in )  can be cut down s t i l l  
fu r th e r ,  as In the case o f  the '.:estern Reefs r i a n t  to 0,74
s h i l l in g s / lb .  Uj Oq
~ a -
REVIEU OF THE rERIODICAL LITERATURE ON ION EXCHANGE
be fo re  1955 a l l  the reported  work on Ion exchange re fe rred  
to the vine o f  nr tu ra l  o r  syn the t ic  Inorgan ic  exchange m ate r ia ls  
’••'1th p a r t i c u la r  r e f e r en c e  to the s o f t en in g  or  water.
However, a f t e r  1955, when Adams and Holmes^ f i r s t  observed 
that c e r ta in  syn the t ic  organ ic  res in s  exh ib i ted  ion exchange
p r o p e r t i e s ,  tremendous in t e r e s t  n ro es tab l ished  in these res ins  
m i  oh resu lted  in t s e p u b l ic a t ion  o f  a va s t  number o f  a r t i c l e s  
on the use o f  these res ins  as ion  exchange materials,,
.".s b e fo re ,  i n t e r e s t  van i n i t i a l l y  centered on the use o f  
these m ater ia ls  f o r  r a t e r  s o f t en ln g 6 >9 >29*4a » 52*e9,100,?.G,G£s 
l a t e r  much work m o  done on o ther  an l i c a t i o n s  such as 
pharmaceutical p repa ra t ions1 >° > ^ > 1 '»  2 ^  5 ',101,115,116 ne^
recove ry4 *2t5» 38»45 » 53,105»102» auger r e f i n i n g , 16 ' 72 ' food pro-  
censing, 221 24 » 2 0 , 3 0 , ob ,68, s i , 72,83,116, ca^a]_ysi G> 54,316 anfi
various and y t i  cal aoollca cions« * 6j' 5 21,54,19,58, 55,49,51,93,
112,80,95 ,98 ,96^
The syntheses o f  these organ ic  anion exchange res ins  are 
descr ibed  and expla ined l a r g e l y  in p a ten ts32/?4s26,87,0fb m q 
rev iews on ion exchange.94,81,62 ,20 .
Of p a r t i c u l a r  I n t e r e s t  are the res in s  in  use on the Rand, I . e .  
the strong base quarternary ammonium compounds. A t y p i c a l  
example i s  the Amber l l te  IR A .400 r e s in 74*94 which i c  synthesised 
in  the foil,otcing way: „
Aji in s o lu b le  p o ly s ty r en e  ebpdlynef id  pffepdred fepfedrilhg, 
to the v e i l  known p r in c ip a ls  o f  emulsion or  suspensibn' copoly*-- 
merlzatl 'on/ ih '7which' vinjFli benz-erre and d lY f f i y i  benzene are mixed 
and em u ls i f ied  pm an /aqueous s a l t  so lu t ion , ,con ta in ing  a c a t a l y s t  
such as Benzoyl perox ide  and heated to approximately 90°C. In ­
so lub le  spheroids o f  the copolymer are formed, The propor t ion  o f  
d i v in y l  benzene, which ac ts  as a cross l ln lc lng  agent, determines the
9/ p o r o s i t y o e>
«•** Q •**
p o r o s i t y ,  dens i ty  end mechanical strength o f  the product. These 
beads .of the copolymer are then sw e l led  in an organ ic  so lven t ,  
such as petroleum ether,  and h a lo -a lk y l  groups are  introduced by- 
adding an a lk y l  ch lo r id e  ouch as methyl ch lo r id e ,  and a F r ied e l  
G r a f t 3s c a t a l y s t  such as Anhyd. A lC lg ,  the whole mixture be ing 
s t i r r e d  a t  0°G. f o r  approximately two hours. The r e s u l t in g  
chio rme thy la  ted beads, a f t e r  dry ing ,  are re f lu xed  w ith  benzene, 
during which time the beads sw e l l *  The mixture i s  cooled to 
25°G. and saturated with tr imethylamine gas which forms the 
Quaternary ammonium ion exchange group.
The amount o f  methyl ch lo r id e  tha t  can be introduced in 
the h a lo - a lk y la t in g  step depends to a l a r g e  ex tent  on the percen­
tage c ro ss l in k in g  in  the o r i g in a l  copolymer. The h igher  the 
oeroentage  c ro s s l in k in g ,  the more d i f f i c u l t  I t  i s  to introduce 
the c h iormethyl group, and thus the low er  the exchange capac i ty .
The r e s u l t  o f  such a synthes is  i s  hard sp h er ica l  in so lu b le  
p a r t i c l e s  ranging in  s i z e  from 5 to 550 mesh. These are  separated 
to a -80*60 mesh f r a c t i o n ,  which i s  the range most su i tab le  f o r  
commercial ion exchange requirements.
V a r ia t ion s  in  the above procedure inc lude  the replacement 
o f  the methyl ch lo r id e  by some o ther  a lk y l  h a l id e ,  the use o f  
c a ta ly s t s  o ther  than A lC l^  f o r  the in t rodu c t ion  o f  th is  a lk y l  
h a l id e  group, and the use o f  ve r lou s  organ ic  so lven ts  during the 
p repa ra t ion ,  which render the f i n a l  product more porous.
The question o f  the r e l a t i o n  between the percentage cross-  
l i n k in g  and the ion exchange p ro p e r t i e s  has been f a i r l y  e x te n s iv e ly  
s tu d ied , t‘'^,43' , 0 ‘f the genera l  conclusion be ing that the
higher  the percentage c ro s s l in k in g ,  the low er  i s  the r a t e  o f  
d i f fu s i o n  in to  the cen tre  o f  the p a r t i c l e ,  the low er  i s  the t o t a l  
p o s s ib l e  exchange capac i ty  ( a r i s in g  from the d i f f i c u l t y  in  in t r o ­
ducing the ion exchange groups, )  but the g r e a t e r  i s  the s p e c i f i c i t y  
f o r  any one p a r t i c u la r  ion .
10/ The
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The p ro p e r t i e s  o f  Amber l i te  IRA .400 are descr ibed  by 
; Cun In and ?!cG-arvey^ and also In  a techn ica l  b u l l e t in  Issued by 
the m a n u f a c t u r e r s T h e  res in  i s  sa id  to be as s t ron g ly  bas ic  
as sodium hydrox ide,  and f o r  th is  reason ex h ib i t s  a remarkable 
a f f i n i t y  f o r  an ion ic  complexes and weakly a c id i c  anions. I t  I s  
e f f e c t i v e  over  a pH range o f  1 -  10,
I t  i s  s ta ted  to be stable In the presence o f  strong 
mineral ac ids  and bases and in so lub le  In inorgan ic  and organ ic  
so lv en ts .  The ch lo r id e  s a l t  form o f  Amber l i te  IRA .400 I s  s tab le  
at  high temperatures, e . g .  a f t e r  b o i l i n g  In water  f o r  e ig h t  hours. 
In the hydroxide form, however, I t  lo s e s  exchange c a p : c i t y  a t  
e leva ted  temperatures. I t  i s  recommended that  when used to 
adsorb n i t r a t e s ,  the res in  should be r insed  with 6/ sodium ch lo r id e  
to r e s to r e  f u l l  exchange capac i ty ,  but no reasons are  g iven  f o r  
th i  s p i*o c edur e .
Ph ys ica l  p r o p e r t i e s  such as dens i ty ,  e f f e c t i v e  s i z e ,  
s w e l l in g ,  head lo s s  c h a r a c t e r i s t i c s  and backwashing data are a lso  
prov ided  in the above r e f e r en ces .
The a f f i n i t y  o f  this r es in  f o r  var ious ions has been 
studied by Kunln and f 'd a r v e y ^ '1'' who obtained the f o l l o w in g  se r ie s  
o f  adsorbtion a f f i n i t i e s .
C i t r a t e  >  sulphate "> o x a la te  "> Iod id e  "> n i t r a t e  ^  
chromate bromide y  th iocyanate  y ch lo r id e  y> formate y  
h y d r o x y l a c e t a t e .
The p ro p e r t i e s  o f  the Dowex I  and Dowex I I  r es ins  have 
been studied by l.'heaton and Bauman-*--'-0 and F.K. Lindsay and J ,S<
D hA.mlco'0 '\ P r o p e r t i e s  ve ry  s im i la r  to those o f  the Amber l i te  
IR A .400 are descr ibed  toge ther  w ith  the e f f e c t  o f  c r o c s i inking 
on the exchange capac i ty  and the sw e l l in g  o f  the r e s in .
Although the chemical and ion exchange p ro p e r t i e s  are 
discussed in  much d e t a i l ,  l i t t l e  in formation  i s  a v a i l a b l e
11/ r e g a rd in g .0. . . .
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regard ing  the a t t r i t i o n  r e s i s t a n t  p r o p e r t i e s  o f  the var ious 
r e s in s .  These are g e n e ra l l y  stated to toe e x c e l l e n t  tout no f i g u r e s  
are  g iven  to support th is  a sse r t ion .  Severa l  in v e s t i g a t o r s  have 
found that the replacement costs  o f  the .resins, both c a t i o n ic  and 
an ion ic ,  are h igher  than can be an t ic ip a ted  from the In formation 
o f  the manufacturers. Newkirk and I’an d elm an ^  found that when 
using anion exchange res in s  f o r  the production o f  dextrose  toy 
h yd ro ly s is  o f  s tarch ,  the capac i ty  lo s s e s  a f t e r  70, 105, 152, 209 
cy c le s  were 55 ,7>:', 34,4;;', 45,8,.' and 56.56,.' r e s p e c t i v e l y .  Various 
r e g en e ra t i v e  procedures were t r i e d  bi.it w ithout g r e a t  success.
I t  must toe noted t ’-:at the drop in capac i ty  c i t e d  above I s  most 
l i k e l y  due to po ison ing  o f  the r e s in  ra th e r  than d i s in t e g r a t i o n .
H.B. l u s t a f s o n ^  s ta te s  that the replacement costs  when 
using anion exchange res in s  f o r  water treatment make up a con­
s id e ra b le  p ropor t ion  o f  the t o t a l  chemical co s ts .  The f o l l o w in g  
capac i ty  lo s ses  o f  var ious re s in s  (make not  c o e c l f l e d )  are g iven ,  
Resins Capacity Vo l .  tao water  treated/cu. f t ,  res in
A, B, C 50 1,000,000
D 50 400,000
E 50 150,000
A few in v e s t i g a t o r s  have studied the opera t ing  costs  
o f  Ion exchange I n s t a l l a t i o n s  w ith  p a r t i c u la r  r e fe r en ce  to 
water treatment. Xunin and I!yers®~ desc r ib e  va r ious  a t t r i t i o n  
te s ts  and methods o f  determining the s o l u b i l i t y  l o s s e s  o f  the res in  
Th e o r e t i c a l  Asoec ts o f  I o n Exchange.
-he th e o r e t i c a l  aspect o f  the nature o f  anion exchange 
has been e x t e n s iv e l y  studied.
.It has been shown toy Xunin and T'yers6<!, O-rlessbach46 and 
V/i b lander1 J-°  that  the adsorbtlon o f  anions by the organ ic  anion 
exchange res in s  f o l l o w  s im i la r  laws to those a p p l ic a b le  f o r  
ca t ion  exchange r e s in s ,  Post  o f  the t h e o r e t i c a l  cons iderat ions
12/ have
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have been developed fo r  the ca t ion  exchange re s in s  but apply in  
the case o f  the strong base anion exchange r e s in s .
Many mathematical equations to rep resen t  the exchange 
equ i l ibr ium have be-n proposed. As y e t  none o f  these has been 
found to apply under a l l  cond it ions  encountered In ion exchange 
a p p l i c a t i o n s ,
Ear ly  attempts to c o r r e la t e  ion exchange data with 
F reu nd l ich9s adsorbt ion isotherm l e d  to the r e l a t i o n ;
xra k (c(a  ~ c ){ ^  -» Wlegner and Jenny,
Where a - i n i t i a l  concentrat ion o f  cat ions 
x = quant i ty  adsorbed 
m = mass o f  the exchanger 
c «  f i n a l  concentrat ion  o f  cat ions 
k,p are constants,
By formal analogy with the Langmuir adsorbt lon isotherm 
Boyd, Schubert and Adamson^® have pronosed the equation;
J i b s T 1w .
Where /x\
Vin
(Ca)&(Cb)
kb.
1 + b + bE(CbJ¥ * *
V
V, V'
b3 . b*
Amount o f  A ’ ion adsorbed per  u n i t  
wt, o f  exchanger.
A c t i v i t i e s  o f  ions in equ i l ib r ium  so lu t ion
Constant i d e n t i f i e d  as the t o t a l  
exchange capac i ty
are the va lence  s ta te s  o f  the ions invo lved
are the constants r e l a t e d  to the energy o f  
adsorbtlon o f  the ca t ions .
Jenny01' has app l ied  a s t a t i s t i c a l  approach to d e r iv e  an 
.equation r e l a t i n g  the exchange o f  two ions o f  equal va lency and 
d e r iv ed  the f o l l o w in g  equation;
rw 3 + V “  v/ ( s + N) g  -  43N (1 )
2 f 1 -  IM■ VD
Where w »  No, o f  ca t ions exchanged a t  equ i l ibr ium 
N »  No, o f  ca t ions  added i n i t i a l l y  
S a Saturat ion  capac i ty  
vw, vb «  Constants f o r  each ion
13/ Tore . ,
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More r e c e n t l y  Boyd end co-worker 8"^ hove app l ied  a 
r igo rous  in t e r p r e ta t i o n  o f  . the l a v  o f  mass ac t ion  to the phenomena 
o f  Ion exchange.
For the exchange, represented  by the equation 
A4  + fjrg) DR = AR + (| | )
He obta ined the re la t ion ?
K -  ( y ' ) va/Yb- x flR
where
K
%?, > at
Vas> vb
> x tm
Thermodynamic equ i l ibr ium  constant -
a c t i v i t i e s  o f  ions A & B
va lence o f  Ions A & B
mol f r a c t io n s  o f  A & B in the exchange
This l a t t e r  equation probably p rov ides  the n eares t  
approach to the c o r r e c t  mathematical in t e r p r e ta t i o n  o f  ion
exchange data, but tremendous d i f f i c u l t y  i e  encountered in 
r i g o r o u s ly  app ly ing  such r e l a t i o n s ,  p a r t i c u l a r l y  when the degree
o f  sw e l l in g  o f  the exchanger i s  taken in to  account,
Gregorys.approaching the problem from a thermodynamic
f
p o in t  o f  v iew a r r i v e s  a t  the equation?
ht Ln (|a ); (|AL  »  o ( %  -  \ )
where p -  S w e l l in g  pressure
■a ~ Thermodynamic a c t i v i t y  
1 3 Resin chase
o  ^ So lu t ion  phase
*v a S p e c i f i c  i o n ic  volume
Io n ic  Exchange A f f i n i t y
The d i f f e r e n c e s  in  the ion exchange behaviour o f  var ious 
anions and ca t ions  has been a t t r ib u te d  by Jenny'-':‘ and Nachod and
Op
Wood to the r e l a t i v e  charges and ion ic - . ra d i i  o f  the- two Ions 
en te r ing  in to  the exchange, Boyd1^ and. W lk lan d er^^  suggest  that 
the exchange a f f i n i t i e s  r e f l e c t  merely the a c t i v i t y  o f  the ion-s, 
Boyd has found that  the exchange a f f i n i t y  i s  In v e r s e ly  propor­
t io n a l  to &L the Pebye-Huckel parameter.
The a f f i n i t y  o f  the r es in  f o r  OH* or  H* depends on the
14/ bas ic .
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64basic, o r  acid strength o f  the Ion exchange r e s in .
Anion Exchange K in e t l c a .
Kunln and M y e r s ^ * ^ °  have shown that  the rgvte o f  reac/cior 
i s  c o n t r o l l e d  by the d i f fu s io n  o f  the ions  in to  the res in  
p a r t i c l e s  and th e r e fo r e  dependant on such fa c t o r s  as p a r t i c l e  
s i z e ,  concen tra t ion ,  temperature and degree o f  sa tura t ion  o f  the 
exchange ca pa c i ty .  For example, in the case o f  p a r t i c l e s  o f  the 
same diameter i t  has been found th a t i
Y t
fe© K j t
where Y t  and 'Vihs* are the number o f  mi H i  equ iva len ts  adsorbed a t  
time t. and equ i l ibr ium  r e s p e c t i v e l y .  K i s  a constant that var ies  
l i n e a r l y  w ith  the r e c ip r o c a l  o f  the p a r t i c l e  d iameter. This i s  
in  agreement w ith  B a r r e l s  P a ra b o l ic  d i f fu s i o n  Law^o S im i la r
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r e s u l t s  have been obta ined by Boyd and h is  co-workers. ’ " * ‘ » The
r e l a t i o n  between the ra te  o f  exchange and concentra t ion  depends
65on the ex ten t  o f  exchange 
be expressed aei
The i n i t i a l  r a te  r e la t i o n s h ip  can
i I KG
The more genera l  equation depends on the ion spec ies .
For example in  the ce.se o f  Amber l i te  IR4B* the ra tes  o f  exchange
65can be expressed as fo l l o w s  :
<£> ss KG(Y» -  Y t )  •• f o r  HC1 & GHgCOOH
S3 K chY®  -  Y t )  -  f o r  H2 SO4
S3 • K Ln C(Yis®'- Y t )  -  f o r  H3P04
K in e t ic s o f Fixed Bed Ion Exchange:
Attempts have been made to p r e d i c t  the performance o f  
ion exchange columns opera t ing  under non equ i l ib r ium  cond i t ions .  
Thomas HG^00* has der ived  a f u l l y  mathematical treatment, 
but in order  to enable so lu t ion  o f  the complex d i f f e r e n t i a l  
equation obtained many s im p l i f y in g  assumptions have had to be
15/ made.. .
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mode, His d e r iv a t io n  time only a pp l ie s  to c e r ta in  i s o l a t e d  eases,
which oo not inc lude the performance o f  anion exchange res in
columns.as encountered on the Rand, Considerable  a t t e n t io n  has
An i o
been devoted by G-luelcauf and Duncan, * - B o y d , '  Mayer and Torap&ins, '
QO
and S i l l e n ,  Ekedahl and H og fe ld t  to the th e o r e t i c a l  in t e r p r e ­
ta t ion  o f  f i x e d  bed ion exchange data, but in  s p i t e  o f  these 
contr ibut ions  the in v e s t i g a t i o n  has not y e t  reached the stage 
where anything but the s im p lest  ion exchange processes can be 
d e a l t  w ith  on a th e o r e t i c a l  b a s i s „
For th is  reason any immediate p o s s i b i l i t y  o f  a mathematl. . 
in t e r p r e t a t i o n  o f  the behaviour o f  ion exchange res in s  opera t ing  
on the Bend Leach l i q u o r s  ( where a complex anion i s  be ing adsorb?. 
from a l a r g e  number o f  competing anions) can be abandoned,,
A more p r a c t i c a l  approach has r e c e n t l y  been prov ided  by 
Michaels , where the problem has been stud ied  on a sem i-empirical 
bas is .  His i n t e r p r e t s t i o n  o f  the exchange mechanism depends on 
the assumption o f  an exchange zone be ing es tab l ish ed  in  the res in  
column, and from em pir ica l  data concerning the exchange zone 
he igh t  and i t s  r a t e  o f  movement down the column, column p e r f o r ­
mance can be predicted,,  Although th is  method has on ly  been 
tes ted  f o r  the simple Hydrogen sodium exchange on ca t ion  r es in s ,  
this treatment o f f e r s  the most.promising basis  f o r  the design 
and in t e r p r e ta t i o n  o f  column performance on the Rand ion  exchange 
a p p l i c a t io n s .
For a comprehensive treatment o f  Ion Exchange in  a l l  
i t s  a p p l ic a t ion s  the reader  i s  r e f e r r e d  to two books, by Kunin 
and Myers,,64 and HachodSl c.nd a rev iew  by Boyd,20
-  16 -
THE PROPERTIES, OF ION EXCHANGE RES IMS. 
JQE PARTICULAR INTEREST T1I,!.JRAHIUM_ 
EXTRACTION.
The l i t e r a t u r e  contains d e sc r ip t io n s  o f  many standard 
t e s ts  whereby the va lue o f  ion exchange res in s  f o r  any pa r t icu la r  
a p p l ic a t ion  can be assessed * ’ J ? - m  one
p a r t i c u la r  a p p l ic a t ion  o f  the ex t ra c t ion  o f  uranium, these 
standard tes ts  have had to he m od i f ied  and enlarged to inc lude 
those p ro p e r t i e s  o f  the res ins  which are o f  s p e c i f i c  i n t e r e s t  
in th is  a n p l ic a t i o n „ I t  i s  considered necessary to d e f in e ,  
ra th e r  c a r e f u l l y ,  c e r ta in  terras which have p r e v io u s ly  been rathei 
l o o s e l y  app l ied  to o ther  exchange a p p l ic a t ion s  but which have 
sp ec ia l  s i g n i f i c a n c e  in the ex t ra c t ion  o f  uranium from Rand leec :  
Xlquors, I t  has a lso  been necessary to d e f in e  new terras f o r  
p a r t i c u la r  p ro p e r t i e s  o f  these res in s  which are o f  I n t e r e s t  only 
in  the ex t ra c t ion  o f  uranium
The f o l l o w in g  are d e f in i t i o n s  and b r i e f  d e s c r ip t io n s  o f  
the various terms used in th is  i n v e s t i g a t i o n ,
{ 1 ) To t a l  Exchange Capo c i t y .
This term i s  de f ined  as the t o t a l  number o f  exchange 
groups, measured In n i 111 equ iva len ts  per  gram o f  dry r e s in ,  
o resen t  on the r e s i n »
The commonly accepted, method o f  measuring the t o t a l  
exchange capac i ty  o f  these anion exchange re s in s  i s  to convert  
them to the hydroxide form, which i s  then e lu ted  w ith  a known 
excess o f  standard ac id ,  the excess ac id  in the e f f l u e n t  a f t e r  
complete e lu t ion  be ing determined by t i t r a t io n , ,  This method has
not been found to be su i tab le  f o r  the measurement o f  the t o ta l  
exchange capac i ty  o f  r e s in s  used on the Rand, s ince  on these 
res ins  oo isons are present  which e i t h e r  r e a c t  with, or  are not  
d isp laced  by, the OH ion^ and consequently p reven t  the t o t a l  number 
o f  ion  exchange groups be ing determined. I t  has been found
17/ o r e f e r s b l e .
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p r e f e r a b le  to determine the t o t a l  exchange capac i ty  by means o f
55
an ana lys is  o f  the res in  f o r  t o t a l  n i t rogen .  I t  has been show ' 
that  in  the case o f  the strong base anion exchange res ins  used 
on the Wand t the t o t a l  n i t rogen  can be taken to rep resen t  the 
t o t a l  number o f  exchange groups. In o ther  words, a l l  the amino 
groups on the res in  are capable o f  undergoing exchange reac t ion s  
Even th is  method i s  not w ithout com p l ica t ion s , s ince  one p a r t i cut a 
poison occurr ing  ort the res ins  was found to contain n i t ro g en ,  but 
th is ,  as w i l l  be shown la te r^  can be a l lowed f o r  by Ca lcu la t ion  
o f  the n i t rogen  assoc ia ted  With th is  po ison.
{2 i Chio r -1 d e Capac i  t y .
This term i s  de f ined  as the number o f  ch lo r id e  equivalen 
adsorbed by one gram o f  r es in  in apparent equ i l ib r ium  with  a 
IcCf1 hydroch lo r ic  so lu t ion .
In the case o f  a f r e sh  strong based anion exchange res in  
the ch lo r id e  capac i ty  I s  v i r t u a l l y  equal to the t o t a l  exchange 
capac i ty .  However i t  has been found that c e r ta in  po isons are 
not r e a d i l y  d isp laced  by the ch lo r id e  ion and thus in  the case or 
r es in s  conta in ing  these p o ison sa the ch lo r id e  capac i ty  I s  l e s s  
than the t o t a l  exchange capac i ty .
I t  must be noted that ,  t h e o r e t i c a l l y ,  accord ing to the 
laws r e l a t i n g  the exchange o f  ions on exchange r e s in s ,  any on° 
ion i s  capable o f  e lu t in g  or  removing any o ther  ion under condi 
tio.ns encountered in column elution^, e„g„  In pass ing a 1 .ON 
so lu t ion  o f  h yd roch lo r ic  aci--' through a column o f  r e s in  conta in !  
say, a po ison, the ch lo r id e  adsorbed i s  con t in u a l ly  be ing rep la r  
by more ch lo r id e  ions ,  whereas the poison exchanged i s  be ing 
c o n t in u a l ly  removed, from the renin column. Thus, although the 
exchange c o e f f i c i e n t  be exceed ing ly  small ,  the passage o f  a 
l a r g e  excess o f  the hyd,ro oh lo 'r ioqs  e lu t ion  w i l l  t h e o r e t i c a l l y
i '' > f ' j
br ing  about the complete e lu t ion  o f  the po ison . However, i t  x  
been observed that  in the case o f  the poisons encountered in
18/ t h l :
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th is  In v e s t i g a t i o n ,  the exchange taking p la ce  between these 
po isons end the ch lo r id e  Ion i s  so minute, even under these 
cond it ions ,  that f o r  p r a c t i c a l  purposes apparent equ i l ib r ium  i s  
a t ta in ed  be fo re  an apprec iab le  quant i ty  o f  poison has been remove
(3) Uranium Oanacl t y ,
This term i s  de f ined as the weight  o f  uranium fas U30B) 
adsoroed by 1 gram o f  dry res in  when in apparent equ i l ib r ium  
v i>h  a so lu t ion  conta in ing  uranyl and sulphate ions under 
c e r ta in  s p e c i f i e d  cond it ions .
The amount o f  uranium adsorbed by a res in  depends not 
on ly  on the capac i ty  o f  the res in  but a lso  on the nature o f  the 
so lu t ion  from which adsorbt ion takes p la ce .  I t  is  necessary,  
th e r e fo r e ,  to standardise c e r ta in  cond it ions  such as the pH o f  
ixie s o lu t ion ,  the temperature, and the concentrat ion  o f  uranium 
and sulphate in o rder  to obtain true comparative va lues o f  the 
uranium capac i ty .  These cond it ions  are g iven in the d e t a i l e d  
experimental method on page 127,
In most instances the uranium capac i ty  o f  a r es in  i s  
equivalent, to the c h lo r id e  ca p a c i ty .  In ce r ta in  important cases, 
however, She uranium capac ity  o f  a poisoned res in  i s  l e s s  than 
the corresponding equ iva len t  ch lo r id e  capac i ty .  An explanation 
l o r  th is  phenomenon w i l l  be discussed l a t e r ,
1 ne uranium capac i ty  t e s t  was designed, to rep resen t  the 
usefu lness o f  the anion exchange res in  f o r  this, p a r t i c u la r  
a p p l i c a t io n  o f  i s o l a t i n g  uranium from the Rand leach  l i q u o r s .
I t  has been found convenient to express the uranium and 
c h lo r id e  ca p a c i t i e s  o f  poisoned res in s  in  terms o f  a percentage 
o f  the corresponding fresh  r e s i n ‘ s capac i ty ,  in  which case they 
can be r e f e r r e d  to as the "percentage uranium capac i ty "  or 
"percen tage ch lo r id e  canacl t y 18 0
For the purposes o f  th is  In v e s t i g a t i o n ,  i t  i s  necessary
19/ to „ . .
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to d is t in gu ish  between the var ious ways In which an anion 
exchange res in  column nay decrease In I t s  a b i l i t y  to remove 
uranium from the land leach  H on o rs  as f o  lows:
(1 )  Pessaaatjon o f  the ?unc 1AonalJ>r^B.Sc This term 
im p l ie s  in the case o f  anion exchange r e s in  the l o s e  o f  some o f  
I t s  a c t i v e  amino exchange groups; t . e .  the r e s in  e x h ib i t s  a
decrease In  the t o t a l  exchange capac i ty .
(2)  Chemical P o i s o n i n g  A chemical p o is o n  I s  .aefined a -
a substance, which, by v i r t u e  o f  I t s  s trong chemical a f f i n i t y  
f o r  the anion exchan-e groups o f  the r e s in ,  I s  Incom p le te ly  e lm - 
from the res in  a f t e r  complete uranium e lu t ion  by the „ t .n d a r  
n i t r a t e  e lu t in g  so lu t ion ,  and thus causes a decrease In the 
uranium capac ity  o f  the r e s in  in subsequent adsorbtlon c y c le s .
This d e f i n i t i o n  excludes substances suen as lh_ i - r r l o  
an ion ic  complex, which are adsorbed toge ther  w ith  the uranium 
from B pregnant s o lu t io n ,  but are complete ly  e lu ted  by the
n i t r a t e  e lu t in g  so lut ion*
The presence o f  a chemical po ison ing  I s  in d ic a t e d  by a 
decrease In both the ch lo r id e  and uranium capac i ty  o f  the r e s in ,  
s t r i c t l y  speaking, the ex ten t  o f  chemical po ison ing  on the res in  
should, most a ccu ra te ly ,  be measured by an an a lys is  o f  the res in  
a f t e r  e lu t ion  o f  uranium, f o r  n i t r a t e .  The -presence o f  a che t c - f  
po ison ing  would decrease the amount o f  n i t r a t e  capable o f  be ing 
adsorbed by the unpoisoned res in  during e lu t i o n ,  and th is  decreas 
would thus rep resen t  the amount o f  chemical po ison on the res in  
however in  p r a c t i c e  i t  I s  f a r  more convenient to e lu te  tne 
r e s in  with 1 .0?  n c i  u n t i l  f r e e  o f  uranium and tnen ae .ermine the
., . Ji a, tup ch lo r id e  cao& o i ty »•
ch lo r id e  remaining on the r e s in ,  io®* cniOIJ"
view o f  the very  s im i l a r  Ion exchange P r o p e r t i e s  o f  the ch lo r id e  
and n i t r a t e  a n ion s , th is  method can be expected to g i v e  a mood 
measurement o f  the ex ten t  o f  po ison ing*
Th T T VC T n A T
I(3 )  Ph ys ic a l  P o l sonln?. A phys ica l  poison i s  d e f in ed  ae 
an in so lu b le  substance which i s  p r e c ip i t a t e d  o r  depos ited  on or  
in s id e  the res in  p a r t i c l e s ,  r e s u l t in g  in  a mechanical b lock ing  
o f  the ion exchange groups,
I t  can be apprec ia ted  that such a poison would a f f e c t  
the l a r g e  uranyl sulphate complex anion to a g r e a t e r  ex ten t  than 
the small mobile ch lo r id e  ion .  In such cases the percen tage  
uranium capac i ty  would be l o v e r  than the percen tage  ch lo r id e  
capac i ty  and the presence o f  a ph ys ica l  poison thus in d ica ted .
In th is  i n y e s t i g r t lon  such a d iscrepancy between the 
uranium and ch lo r id e  capac i ty  has been found to correspond with 
the presence o f  in so lu b le  m ater ia l  on the r e s in ,  find has in f a c t  
been used to in d ic a t e  the presence o f  a ph ys ica l  po ison .
(4 )  Resin Dis i n teg ra t ion  Lo ss e s . By th is  term i s  meant
the r e s in  lo s s e s  due to the d i s in t e g r a t i o n  o f  the res in  in to
ve ry  f i n e  p a r t i c l e s  and t h e i r  consequent removal from the column
during the backwashing opera t ion .  I t  would a lso  inc lude  res in
lo s s e s  due to ac tua l  s o l u b i l i t y  o f  the res in  in the var ious
so lu t ions  used in  the ion exchange process .
$
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. ?ART X.
THE OCCURRENCE OF THE POISONING AND 
FETHODS OF 'REGENERATION.
{1 )  OCCURRENCE OF THE rOISPNINS;
In Hay, 1951, the Western Reefs P i l o t  P la n t  experienced 
a sudden d e te r io r a t io n  in  the Uranium adsorbtion  p ro p e r t ie s  o f  
th e i r  anion exchange r e s in s .  This d e te r io r a t io n  occurred 
a f t e r  approxim ately  10 c y c le s  op era t ion . Up to th is  time, the 
r e s in ,  bes ides shoring an i n i t i a l  s l i g h t  drop in  ca p a c ity ,  (which 
appears to be a usual occurrence r l t h  fre sh  r e s in s )  had worked 
un ifo rm ly , adsorbing uranium from approxim ately  5,000 ga l lon s  
o f  pregnant so lu t ion  be fo re  breakthrough occurred. The f le w  
r a te  in use a t  th is  time was 25 lb s .  o f  so lu t ion  per  minute.
At the 11th c y c le  the adsorbtion  proceeded norm ally  w h ile  
the f i r s t  two columns, A and B, were in  s e r ie s  and a lso  during 
the p er iod  when B and C were bein'-* loaded . On changing to 
adsorbtion  on columns C and A, ( which had In  the meanwhile been 
e lu ted ) breakthrough occurred a t  a low er throughput o f  pregnant 
so lu t io n .
T h e re a fte r ,  the ca p a c ity  o f  the res in s  d e te r io r a te d  s t i l l  
fu r th e r  when a breakthrough va lue  o f  0,065 gme U-Op/1. (compared 
w ith  the usual 0.005 gns U^Og/l,) occurred a f t e r  on ly 1,020 
g a l lo n s  o f  pregnant so lu t ion  had passed through each column,
In an attempt to regen era te  the poisoned r e s in ,  the users 
subjected them to a 2N HC1 wash, which r e s u lte d  In  on ly  a ve ry ' 
s l i g h t  improvement. I t  was observed during th is  treatment that 
a f t e r  two hours in  con tact with the r e s in ,  n itrou s  fumes were 
evolved, from the TtCl so lu t ion .
Samples o f  these poisoned res in s  were then sent to the
22/ hovemment
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Government M e ta l lu rg ic a l  Laboratory  f o r  in v e s t ig a t io n .
( 2) EXPSRI:‘ENTAL INVESTIGATION ON THE V/ESTSRN REEFS POISONED
The poisoned res in s  re c e iv e d  were subjected to ana lys is  
In order to determine the im p u r it ie s  p resen t. In add it ion  the 
c a p a c it ie s  o f  the res in s  were measured by means o f  a uranium 
ca p a c ity  t e s t  using a pure syn th e t ic  Uranium su lphate so lu t ion .
I t  was necessary a t  th is  e a r ly  sta"*e to develop a n a ly t ic a l  
methods a p p l ic a b le  to ion exchange r e s in s .  I t  vies a lso  considered, 
that the Uranium capac ity  t e s t  using a pure so lu t ion  was to be 
p r e fe r r e d  to a s im i la r  t e s t  using s pregnant s o lu t io n ,  f o r  the 
p ro v is io n  o f  In form ation  rega rd in g  the capac ity  o f  the r e s in .
In the case o f  the l a t t e r  s o lu t io n ,  i t  was f e l t  tha t the capac ity  
would be a f f e c t e d  by too many v a r ia b le s ,  the s ig n i f ic a n c e  o f  
which was not f u l l y  apprec ia ted .
The r e s u lt s  o f  these analyses a re  g iven  in  Table Mo, 1.
TABLE NO, 1.
ANALYSIS OF POISONED AUBERLITE IR A .400
RESIN RECEIVED FROM EESTERN REEFS,
Poisoned Resin 
B efore  2N MCI wash Fresh Resin
1, Uranium capac ity 0.114 gms. UrjOo/gra’-' 
i . 'e ,  46#
0.249 gms UgOg/gram
'
2. Sulphur as S 3o 47/j o . ie ; ,
13 a *3 X1, c ci as 0 . 2 1 # n i l
4, Coba lt a t  Co 0 . 75M n i l
5, FeoOg and A I 0O3 trace tra ce
6 . Uranium as UgOg ii n i l.
7. T o ta l  N itrogen 3.69 mi1 1 1 eoulv/gram
............... -
3,83 m i l l ie c u iv /  gram
These analyses r e f e r  to a sample o f  r e s in  in the n i t r a t e  
form dried  on r e c e ip t  a t  110°C. f o r  24 hours,
2 3/ I  t , • « • 0 <3
- ,2 3  -
I t .w s o  noted that the water in  which the r e s in s  were 
r e c e iv ed  contained In so lu b le  s i l i c e o u s  m a te r ia l ,  c o l l o id a l
sulphur and tracer, o f  co b a lt .
The ooisoned res in  possessed a s l i g h t l y  dar.ter co lou r
than the fre sh  r e s in .
( 3 ) RS'TiSNERAT I  ON, 0? TTTh PIvSIM.
The immediate requirement was f o r  some method whereby 
the r e s in  could be res to red  to i t s  normal capac ity  go tha t the 
ion exchange columns a t  the Western Reefs  P i l o t  P la n t  could 
resume on era t i  on as soon as p o s s ib le ,  l o r  th is  reason I t  wrs 
considered, a d v isab le  to ca rry  out regen era t ion  te s ts  b e fo re  a 
fundamental study in to  the nature o f  the po ison was made.
The poisoned r e s in s  were subjected, to a number ox chemical 
treatments which are summarised in  Table :\o. 2. ihe Uranium 
capac ity  o f  the r e s in  was measured a f t e r  each treatm ent to 
obta in  an id ea  o f  the e f f e c t iv e n e s s  o f  that p a r t ic u la r  regen­
e ra t io n .
I n i t i a l l y  the accented methods o f  regen era t ion  surges tec 
by h r . Olsen ( Dow Chemical Company) were attem pted. These cons is­
ted o f  a 6N H ydroch lor ic  acid wash and a wash w ith  water satu­
ra ted  w ith  30g. n e ith e r  o f  these so lu t ion s  produced any narked 
regen era t ion  o f  the r e s in .  The HC1 wash gave an e f f lu e n t  
coloured b r ig h t  y e l lo w . This co lou r  o f  t ’~e s o lu t io n ,  which 
contained no m e ta l l i c  ion s , d isappeared on fuming w ith  su lphuric- 
p e r c h lo r ic  acid m ixture, which suggested that i t  was due to 
organ ic  n a t t e r  This phenomenon Is  f a i r l y  common w ith  ca tion  
exchange res in s  where i t  i s  known as ''Colour throw*.
-As a guide to fu r th e r  regen era t ion  t e s t s , various ways 
in which the ca p a c ity  o f  the r e s in s  n ig h t  be reduced were 
considered .
24/ The
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( I )  The mechanical d is in te g ra t io n  o f  the re s in .  This would 
be c l e a r l y  v i s i b l e  and had ob v iou s ly  not taken p la ce .
( I I )  The mechanical b lock ing o f  the r e s in .  This would be caused 
by the d epos it ion  o f  in so lu b le  m a te r ia l on, o r  in s id e ,  the re s in , 
and would preven t d i f fu s io n  o f  the uranyl sulphate complex to 
the Innermost ion exchange cen tres . 1-o s s ib le  in so lu b le  compounds 
which n ig h t  produce th is  e f f e c t  are:
(a ) In so lu b le  s i l i c a ,  p r e c ip i t a te d  from the h igh concen­
t ra t io n s  o f  s i l i c a t e s  in  the pregnant so lu t ion .
(b ) In so lu b le  decomposition products o f  the g lue  added to
improve f i l t r a t i o n  o f  the acid leach  pu lp . I t  has on 
many occasions been observed that c e r ta in  pregnant 
s o lu t io n s ,  on standing, d ep os it  in so lu b le  organ ic  
m a te r ia l ,  presumably a decomposition product o f  the 
g lu e .
(c )  In so lu b le  calcium sulphate. A re c y c le d  e lu t in g  so lu t ion
has been found to d ep os it  calcium sulphate on standing. 
This I s  due to t ue bu ild-up o f  Ca'i"f and 50^' 1 in  the 
e lu t in g  s o lu t io n .
( i l l )  The presence o f  an anion on the res in  more s t ro n g ly  
adsorbed than the-uranyl su lphate complex, which I s  consequently 
not f u l l y  elu ted by the n i t r a t e  e lu t in g  so lu t ion .
( i v )  In a c t iv a t io n  o f  the amino exchange groups, e i th e r  by 
th e ir  d es tru c t ion , o r  by the form ation o f  a n on - ion ic  complex.
The a n a ly s is  o f the re s in  showed no marked decrease in  t o ta l  
n itrog en  so t Ka t  the former p o s s ib i l i t y  can be excluded, but 
the presence o f  co b a lt  on the re s in  suggested the p o s s ib i l i t y  
o f  the form ation  o f  a n on - ion ic  cobaltamine complex.
P i th  t v,e above p o s s i b i l i t i e s  in  mind the fo l lo w in g  
regen era t ion s  were attempted. The ca p a c it ie s  o f  the poisoned 
r e s in s  a f t e r  these treatments are  shown in Table To. 2.
25/ TABLE TO. 2.
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( l )  Repeated washes o f  the res in  In water near the b o i l in g  
temperature. This treatment would remove any s l i g h t l y  so lub le  
m a te r ia l such as calcium sulphate and, p o s s ib ly ,  the g lue  d is ­
in te g ra t io n  p rod u c ts . The water e f f lu e n ts ,  however, contained 
no calcium sulphate nor organ ic  n a tte r  and on ly  a s l i g h t  Increase 
in capac ity  o f  the res in  was observed. 1 'o re  severe  con d it ion s ,
such as b o i l in g  the res in  in w ater, were not attempted s ince une
_ 61,94.
s t a b i l i t y  o f  the res in s  a t  high temperatures was suspect.
( i i )  The poisoned re s in  was a llowed to stand in cold  46,- 
h y d ro f lu o r ic  acid  f o r  16 hours. This treatm ent was designed to 
remove the s i l i c a  p resen t. The capac ity  o f  the res in s  increases, 
to 69;' and the T-7  s o lu t io n ,  when n e u tra l iz e d ,  gave a voluminous 
•o rec ip ita te  o f  s i l i c a .  Thus although th is  treatm ent was e f f e c t i v e  
in removing the s i l i c a ,  the major source o f  po ison in g  had not 
been e l im in a ted .
( i l l }  The po isoned r e s in  was trea ted  w ith  30/: HaOTT in the co ld  
f o r  two hours, washed w ith  w a te r , fo l lo w ed  by n i t r i c  a c id  
(30;/ v/v) to convert  i t  to the n i t r a t e  form.
I t  was hoped that th is  treatment would have a tw o - fo ld  
e f f e c t ,  namely to p rov id e  a more p r a c t ic a l  method o f  s i l i c a  
removal, and secondly to break up any metal in o rgan ic  complexes 
such as co b a lt  th iocyanate and c oba lto  cyan i  d e «
Although the capac ity  o f  the res in s  was increased  to 
on ly  60/, the fo l lo w in g  observa t ions  suggested that regen era t ion s  
o f  th is  nature should be in v e s t ig a te d  fu r th e r ,
(a )  The PaOH e f f lu e n t  was found to contain a cons id erab le
amount o f  s i l i c a  and sulphur p resen t as a su lph ide.
( b) On commencing the wash w ith  n i t r i c  a c id ,  buobles o f  -.gO
were l ib e r a t e d  from the r e s in ,  and as the n i t r i c  acid 
so lu t ion  reached the bottom o f  the column where a lk a l in e  
cond it ions  s t i l l  o r e v a i le d ,  a b lack  p r e c ip i t a t e  o l cabal :
26/ sulphide, . . . .
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su lph ide mss formed. This p r e c ip i t a t e  red ls so lv ed  on the 
passage o f  a fu r th e r  ou an t lty  o f  n i t r i c  a c id .
Thus, p a r t  a t  any ra te  o f  a l l  three o f  the Im pu rit ies  
o resen t on the res in  mere removed by th is treatment;, and i t  was 
considered p o s s ib le  that more seve re  cond it ions  n igh t  br ing  
about b e t t e r  regen era t ion s .
The use o f  concentrations o f  the No OH above 30/. mas 
not considered p r a c t ic a b le  s ince d i f f i c u l t y  mould be experienced 
in  handling these extrem ely v iscous and c o r ro s iv e  so lu t ion s  on 
a p la n t  s ca le .  Heating the res in  w ith  30/:" NaOg man to be avoided 
s in ce  p re lim in ary  te s ts  showed th a t  a cons iderab le  quantity o f  
vh5 mas evo lved , in d ic a t in g  the d estru c tion  o f  the amino groups 
on the r e s in .
The fo l lo w in g  fu r th e r  regen era t ions  mere th e re fo re  
attempted :
( i v )  The poisoned res in  mas a llowed to stand in  30,.' Nc.OK 
a t  room temperature f o r  20 hours, fo l low ed  by cold water washing 
fo l low ed  by a 30/.: HNOg wash.
(v )  The poisoned re s in  mas allowed, to stand in  30/' NaO!T a t  
room tempersture f o r  20 hours fo l low ed  by a hot water mash 
(200 nl/gn, r e s in )  fo l low ed  by a 30/.: T!N0g wash.
The c a p a c it ie s  o f  the poisoned r e s in s  a f t e r  these 
treatments increased  to 78/2 and 90,; r e s p e c t iv e ly ,  the l a t t e r  
f i g u r e  mas considered to rep resen t a s a t i s fa c t o r y  regen era t ion , 
fu r th e r  regenera tions  w ith low er concen tra tions  o f  
NaOH, or r ep la c in g  the NaOH with did not p rov id e  s a t is ­
fa c to r y  regen era t ion s . I t  appeared tha t the minimum requirements 
f o r  e f f i c i e n t  regen era t ion  were as fo l lo w s  :
The res in  should be a g ita te d  w ith co ld  30,. NaOH fo r  
not le s s  than 20 hours. A f t e r  washing w ith  hot water (above 70°C .} 
f o r  two hours, the re s in  should be converted to the n i t r a t e  form
27/ mi t h , , » , .
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v l t h  30£ HM03 . By th is  method regen era t ion s  o f  above 90, couia 
be obta ined .
The experimental r e s u lt s  from the above s e r ie s  o f  
regen era t ion  te s ts  are  g iven  in  Table No. 2.
(4 ) LITE TE3TS ON R'TTEEERATKT) RB3IM.
Before the regen era t ion  procedure could be recommended 
f o r  use on the poisoned ion exchange r e s in s  a t  the Ives tern Beefs 
P i l o t  F la n t ,  i t  was considered a d v isab le  to carry  out fu r th e r  
te s ts  on th is  regenerated  r e s in .  The p o s s i b i l i t y  e x is te d  that;
(a ) This somewhat severe  regen era t ion  procedure had in  some way
attached the r e s in ,  which would r e s u l t  in  i t s  rap id  d e te r -  
lo r a t io n  when put in to  use.
(b ) Only a s u p e r f i c ia l  regen era t ion  had been obta ined  which would
disappear a f t e r  on ly  a few c y c le s  o f  op era t ion .
To a sce r ta in  whether e i th e r  o f  these p o s s i b i l i t i e s  had 
occurred, i t  was decided to su b jec t  the re s in s  to a number o f  
c y c le s  in  the l i f e  t e s t e r  under con d it ion s  resem bling those 
p ra c t is e d  a t  the F i l o t  F lan t .
A cco rd in g ly , a number o f  poisoned and regenerated  res in s  
were subjected to load in g  and e lu t io n  cy c le s  s im i la r  to those 
used a t  '..'estern Beefs as fo l lo w s  ;
4 1" d iam eter columns were se t  up on the l i f e  t e s t e r  con­
ta in in g  approxim ately  equal volumes o f  the fo l lo w in g  res in s :
(a )  Tresh A m berllte  IR A .400 from Western R ee fs .
(b ) Poisoned A m berllte  IR A .400 from Western R ee fs .
( c )  Poisoned Am berllte  IR A .400 trea ted  w ith  6N KC1.
(d ) Poisoned A m berllte  IR .400 regenerated  by the 30,.'
RaO'T treatm ent described  above.
Each column contained approxim ately  40 gns. r e s in .
The columns were sub jected  to a Uranium capac ity  t e s t  
using a pure Uranium sulphate so lu t ion  s im i la r  to that described  
in  the a n a ly t ic a l  methods o f  page 127.
28/ A f t e r . . . . .
FIG. N°- I.
INITIAL LOADING CURVES. FRESH POISONED & REGENERATED. 
1 WESTERN REEF’S RESINS?
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FIG. No 2
LOADING CURVES AFTER II CYCLES .WESTERN REEF*S POISONED, REGENERATED
AND FRESH RESIN.
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A f t e r  e lu t io n  fa l lo w in g  the Uranium capac ity  t e s t ,  the 
load in g  curves on a h es tem  Ree fs  pregnant so lu t ion  were d e te r ­
mined. This pregnant so lu t ion  was claimed to rep resen t a t y p ic a l  
sample o f  the so lu t ion  used on the I  H o t  i  1  on t  columns,
".he r e s in s  were then elu ted and subjected to 1 1  adsorbtio i 
and e lu t ion  cyc les  co n s is t in g  o f  the fo l lo w in g  opera t ions !
Adsorbt ion  33 ml/min f lo w  ra te  ~ 8 hrs,
Down-wash " " !i !i -  G mins.
E lu tion  w ith  the standard n i t r a t e  e lu t in g
so lu t ion  8 ml/min f lo w  r a te  -  6 hrs.
Down-wash 33 ml/min f lo w  ra te  -  1 2  mins.
In  add it ion  the columns were bach-washed manually every
day to remove accumulated s l im e .■
A f t e r  11 cyc les  the Uranium capac ity  and loa d in g  te s ts
were repea ted .
:’he r e s u l t s  from these te s ts  are ~ iven in  Table Mo. 3, 
and F igures Mas. 1 and 2.
TABLE NO. 3 ,
C ABACI TIES OF IQIOONED AMD BSTMM’ERAT' D 
RESIMo UMBER LIFE TEST
COLUMM A COLU!’M D COLUMN C go: umtvt p
C ap %Cap
1
Cap
Cap Gap
I
$
C clj) Cap
c/*
Cap
Uranium Capacity  
0 c y c le s
0.238 10 0 0.123 32 0,118 50 0 .2 0  2 87
l.'rani un Capaol ty  
1 1  cy c le s
0.193 82 0,155 66•
0,165
■
70 0.197 84
1-reg. Coin, Cap. 
1 1  c y c le s
0.059 „ 0.043 i 0.045
____ ... .
0.056
Mt, o f  res in 42.8 grams 45,7 gran s| 47,92 rramsj 36, 5 gr.E
Capacity  in terms o f  gms. UgOg/gm. RMOg d r ied  a t  110°C. 
'.‘e ig h t  in  terms o f  gms, RN03  d r ied  a t  1 1 0 °C.
29/ Column A
-  29
Column A -  Fresh A n b e r l l t e  IRA„400 
Column B -  Poisoned Am b^rlite IR A .400
Column C -  Po isoner A n b e r l l t e  IR A .400 Regenerated 6 N HC1 
Column D -  Poisoned A n b e r l l t e  IRA.400 Regenerated 30/ MaOH
The I n i t i a l  Uranium c a p a c it ie s  confirmed the r e s u lts  
ob ta ined  In  the small s ca le  t e s ts  that 30/ MaOH i s  an e f f e c t i v e  
regeneran t and th a t  6N HC1 has l i t t l e  r e g e n e ra t iv e  e f f e c t  fo r  
th is  type o f  po ison in g .
The i n i t i a l  load in g  curves show that in  the case o f  the 
NaOH regenera ted  r e s in  even b e t t e r  adsorbtlon  c h a r a c t e r is t ic s  
than the fr e sh  res in  are  ev id en t. This i s  in d ic a t i v e  o f  a 
f a s t e r  adsorbtlon  ra te  which suggests that the r e s in  has been 
a c t iv a te d ,  p o s s ib ly  as a r e s u l t  o f  the s w e l l in g  produced by the 
reg en era t ion .
The load in g  curves a f t e r  11 cy c le s  show tha t these improved 
adsorbtlon  c h a r a c t e r is t ic s  o f  the regenerated  r e s in  have d is ­
arm eared, the curves obta ined in  each o f  the fou r  columns being 
ve ry  s in l l a r .
The c a p a c i t ie s  a f t e r  11 cyc le s  show tha t ?
(a ) The capac ity  o f  the fre sh  res in  has dropped by 10/. This
drop in capac ity  during the f i r s t  few cy c le s  opera t ion  
had a lso  been observed in te s ts  on B ly v o o ru lt z ic h t  
pregnant s o lu t io n s .  (See page 107)
(b )  The MaOH regenera ted  r e s in  has maintained i t s  capac ity
a t  approxim ately  85/ o f  the fr e sh  r e s in 's  ca p a c ity .
( c )  The c a p a c i t ie s  o f  the poisoned res in s  in  Columns B and C
have increased  to 66/ and 70/ r e s p e c t i v e ly ,  l . e .  a 
c e r ta in  amount o f  s e l f  regen era t ion  had taken p la c e .
As a r e s u l t  o f  t ’^ ese t e s ts  i t  was apparent that the 30/ 
MaOH regen era t ion  had not a d ve rse ly  a f f e c t e d  the r e s in  and that
30/ i t s
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i t s  use on the P i l o t  P la n t  could be s a fe ly  recommended.
This regen era t ion  was c a r r ie d  out at' the Western Reefs 
P i l o t  P la n t  and the poisoned columns were s u cc e s s fu l ly  res to red
*L*r‘)7
to th e ir  normal working ca p a c ity . '
( 5) FURTHER REGENERATION TESTS .
w h ile  a ttem pting to a r t i f i c i a l l y  poison samples o f  fr e sh  
r e s in ,  a d i f f e r e n t  regen era t ion  technique was deve loped.
The evo lu t ion  o f  HgS on ac id  washing the 30}v MaOTI regen­
erated r e s in ,  suggested that a su lph ide could in  p a r t  be r e s -  
o o n s lb le  f o r  the po ison ing  o f  the r e s in s .  An attempt was made 
to a r t i f i c i a l l y  po ison res in s  by pass ing so lu t ion s  o f  su lphides 
through columns o f  fresh  and regenerated  r e s in s ,  No success was 
obta ined in po ison ing  the r e s in s ,  in  fa c t  i t  was found that the 
passage o f  Nao3 had a c tu a l ly  increased  the capac ity  o f  the 
regenerated  r e s in .
A cco rd in g ly , experiments were ca rr ied  out on the poisoned 
res in s  using Na^S and water saturated w ith  HgS as regeneran ts ,
The r e s u lts  o f  these experiments (g iv e n  in  Table No. 4) show 
that both NapS and TTgS were e f f e c t i v e  regeneran ts .
The Wa0S gave e f f e c t i v e  regenera t ions  a t  much low er con­
cen tra t ion s  than those requ ired  when NaOH a lone was used,
Adequate regen era t ion  was ob ta ined  w ith  a so lu t ion  o f  5^ NagS.
The water sa tura ted  w ith  HgS regen era t ion  when fo l low ed  „bS 
an NaOH wash gave c a p a c it ie s  as h igh as 94}* o f  that o f  the fre sh  
r e s in .
These te s ts  were carried, out on samples o f  the o r ig in a l  
po isoned re s in  from Western Reefs  which had been standing in  
d i s t i l l e d  water f o r  approxim ately  two weeks. Uranium capac ity  
te s ts  on the re s in  a f t e r  standing showed, that a c e r ta in  amount 
o f  s e l f  regen era t ion  had occurred during th is  p e r io d .  The 
ca pac ity  a f t e r  f o r t y  days standing rose  to 58}*.
TABLE MO« 4
TABLE n o . 4 .
••JR-vfio n s  te sts  on vvesterh hv 
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1 . F r e e h  R e s i n  f r o m  .V o s t o r n  R o o f s O R 1 0 0
9t- c P o is o n e d  R e s in  f r o m  V o s t o r n  R e e f s  H C 1  
w a s h e d ,  s t o r e d  u n d e r  HgO  f o r  1 4  d a y s 0 . 1
■
5 0
3 -
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P o is o n e d  R o s in  f r o m  W e s t e r n  R e e f s  HC1  
w a s h e d , s t o r e d  u n d e r  HgO f o r  4 0 * d a y s
1
i
j o . ; r -
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h o u r s ,  f o l l o w e d  b y  h o t  Ko 0  w a s h 0 , 2 1 S 7
s . R e s i n  ( 2 ) t r e a t e d  w i t h  s a t u r a t e d  H? S  
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■ h o u r s ,  w a s h e d  a n d  e l u t e d  w i t h  1 0 b HNO-,
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■
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0 , 2 1 6 7
1 0 . R o s in  ( 2 ) t r e a t e d  w i t h  s a t u r a t e d  HP 3  
w a t e r ,  f o l l o w e d  b y  3 (4 , N aO H , w a s h e d  
a n d  e l u t e d .  |
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R e s i n  ( 2 ) t r e a t e d  w it h  c o l d  % ,  N aP S f o r  | 
2 4  h r s ,  w a s h e d , e l u t e d '  w it h  1  O f r HNO-? ! O 1 ( j
7 S
1 O 1“L‘'~ e {
i R o s in  ( 2 ) t r e a t e d  w i t h  h o t  %  N aP S ,  
w a s h e d , e l u t e d  w it h  lC X j HNO
3
0 , 1 9 :
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1 3 . R e s i n  ( 2 ) t r e a t e d  w it h  c o l d  1 0 , ,  N a -S  
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The presence o f  co b a lt  was d e tec ted  In the water under 
which the re s in s  had been s to red , r-n a n a ly s is  o f  th is  re s in  
a f t e r  standing showed that i t  contained on ly  Q=5$» Co f conpax*ed 
w ith  0 . 75$ when it; was i n i t i a l l y  received,, A n a lys is  o f  the 
o r i g in a l  30$ NaOH regenerated  res in  showed that i t  contained 
0,56$ Co. and fu r th e r  regen era t ion s  f a i l e d  to produce any 
fu r th e r  removal o f  Co, The r e s u l t s  o f  the above regen era t ions  
are summarised In  Table Mo, 4, This Table inc ludes regen era t ion  
t e s ts  on a sample o f  r e s in  from the B ly v o o r u l t z ic h t  P i l o t  
P la n t ,  which was suspected o f  be ing po isoned. Capacity te s ts  
showed, however, that the po ison ing  was not se r iou s , the 
capac ity  be ing 74$, 50$ NaOH regen era t ion  Increased  the capa­
c i t y  to 88$,
( 6 ) SUMMARY amp DISCUSSION 0? TTTS REGENERATION TESTS.
Having s a t i s f i e d  the Immediate requirements o f  ob ta in ing  
a su ita b le  regen era t ion  procedure I t  was decided that a 
fundamental In v e s t ig a t io n  In to  the nature o f  the po isons 
occu rr ing  on the 'deetern Ree fs  r e s in  would be o f  va lue In  
d e v is in g  fu r th e r  regen era t ion  methods and means o f  e l im in a tin g  
the causes o f  the po ison in g , Tor th is  reason fu r th e r  regen­
e ra t io n  te s ts  were not continued and the r e s u l t s  ob ta ined  a t  
th is  stage are summarised b r i e f l y  below:
( 1 ) The poisoned res in  can be e f f e c t i v e l y  regen era ted  w ith  
30$ NaOH or  5$ Na2S.
(2 ) The 30$ NaOH treatment d id  not remove a l l  the Im pu rit ies  
on the r e s in .  An ana lys is  o f  the poisoned re s in  b e fo re  and 
a f t e r  NaOH regen era t ion  i s  g iv en  below In  Table ?!o. 5,
TABLE MO c 5
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TABLE NO. 5
ANALYSIS OF POISONED RESINS BEFORE; AND 
AFTER REGENERATION UITH 30$ NaOH
I!'PURITIES PRESENT BEFORE
REGENERATION
AFTER
REGENERATION
C oba lt as Co. 0.76$ 0 ,56$
S i l i c a  as S i0 9 3.29$ 0«50$
Sulphur as S 3.47$
. __  .. . .... _ _  .. _____
2.30$
The a n a ly s is  was ca r r ied  out imm ediately a f t e r  the 30/.’ 
NaOH treatm ent.
(3 ) The Ion exchange p ro p e r t ie s  o f  the res in  are in no way 
ad ve rse ly  a f fe c t e d  by the 30$ NaOH treatment.
(4 ) A f t e r  a c e r ta in  number o f  Uranium ex tra c t io n  c y c l e s , the 
po isoned re s in  undergoes a small amount o f  s e l f - r e g e n e r a t io n , 
the capac ity  in c reas in g  from 32$ to 66$. A s im i la r  s e l f -  
regen era t ion  occurs when the r e s in . i s  a to red  under xvater f o r  
a p e r iod  o f  40 days,, the ca p a c ity  in c reas in g  to 56$.
(5 ) The capac ity  o f  a f r e sh  r e s in  op era t in g  on V.'estern Reefs 
pregnant so lu t ion  drops to 85$ over  a p e r io d  o f  1 1  c y c le s .
These r e s u lts  in d ic a te  that the po ison in g  i s  p a r t l y  o f  
a r e v e r s ib le  nature. In o th er  words, when the cond it ions  
favouring  the po ison ing  o f  the r e s in  (such as the presence o f  
a s tron g ly  adsorbed ion in the pregnant so lu t io n )  are e lim inated , 
the p a r t ic u la r  compound causing the po ison ing  tends to be 
removed from the r e s in .  However, on ly a p o r t io n  o f  the 
im p u r it ie s  p resen t apt)ear to be r e a d i ly  removable in th is  way.
33/ PART I I  a
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PART I I .
THE INVESTIGATION INTO THE NATURE 0? THE POISONS 
PRESENT ON THE WESTERN REEFS RESIN.
The te s ts  described  below were carried, out on samples 
o f  V.'estern Reefs anion exchange res in s  re c ie v e d  p e r io d ic a l l y  
from the P i l o t  P la n t ,  Some o f  these samples exh ib ited  g r e a te r  
degrees o f  po ison ing  than o th ers , but a l l  o f  then contained the 
elements co b a lt ,  sulphur and s i l i c a  as im p u r it ie s ,  A d escr ip ­
t ion  o f  the samples toge th er  w ith  the amount o f  im p u r it ie s  
p resen t and th e ir  Uranium and C h lor ide  c a p a c it ie s  are g iven  
In Table No. 6 .
(1 ) IIETHODS IJ3SD IN rNTE INVESTIGATION
The standard methods o f  q u a l i t a t i v e  an a lys is  f o r  unknown 
compounds could no t be app lied  d i r e c t l y  to the compounds 
occu rr in g  on the anion exchange re s in s .  The Ion exchange proper­
t i e s  o f  these res in s  In troduce too many com p lica tin g  fa c to r s .  In 
a d d it ion  i t  i s  v i r t u a l l y  im poss ib le  to observe the form ation o f  
p r e c ip i t a t e s  upon which such a scheme o f  ana lys is  depends.
C erta in  n o n - v o la t i l e  elements such as c o b a lt  and s i l i c a  
had a lready  been determined by ashing the r e s in ,  but o f  course 
th is  had destroyed  the p a r t ic u la r  compound causing the po ison ing. 
A lso  by m od if ica t ion s  o f  standard methods o f  a n a ly s is  o ther  
elements such as sulphur and n itrogen  could be determined, but 
here aga in , these methods in v o lv e d  the d es tru c t ion  o f  the po ison. 
I n i t i a l l y  there appeared to be three methods whereby the 
compounds on the res in  could be id e n t i f i e d ;
( l )  By e lu t in g  the po isons from the res in s  by means o f  some 
e lu t in g  agent, which i f  p o s s ib le  would not b r in g  about th e ir  
decom position, fo l low ed  by a q u a l i t a t i v e  an a lys is  o f  the 
e lu a te ,  Even i f  the p a r t ic u la r  eluant brought about an a l t  era 
ion  o f  the po ison , an a lys is  o f  the e lu a te  would p rov id e
TABLE NO. 6
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va lu ab le  data regard ing  the po ison ing .
(2 )  By a q u a n t i ta t iv e  ana lys is  o f  the re s in s  themselves fo r  
the elements p resen t in  the po isons and attem pting to c o r r e la t e  
the m olecular p roportions  o f  these elements v i t h  known chemical 
compoundsn
(3 ) By a t r i a l  and e r ro r  method in which attempts would 'be 
made to produce an a r t i f i c i a l l y  po isoned res in  w ith  the same 
p ro p e r t ie s  as that from Western Rpe fs „
(2 )  TT?5 NATURE OF TtTE COBALT CONFOUND OCCUR RING- ON TrTE 
V.’EG TERM REEFS RESI^h
(a ) P re lim in ary  T e s ts;
I t  appeared h igh ly  improbable that the c o b a l t i c  o r  cobal~ 
tous ca t ion  could , as such, b^ adsorbed on an anion exchange! 
r e s in .  For example, when a t y p ic a l  Western Reefs pregnant 
so lu t ion  con ta in ing  2 0 ° 1  ngms o f  Co"i + , was passed through an 
Amber'llte IR A ,400 column, no c o b a lt  was adsorbed by the r e s in ,  
Adsorbtlon on ly  occurred, as a complexes an ion ic  form o f  co b a lt .  
The three  most common co b a lt  complexes are the c o b a l t ! -  and 
cobaltocyanid.es, the c o b a l t l n l t r i t e s  and the c o b a lt  th iocyanate
P re l im in a ry  q u a l i t a t i v e  t e s ts  on the 30,:' NaOH e f f lu e n t ,  
which had been found to remove a small f r a c t io n  o f  the co b a lt ,  
f a i l e d  to show the presence o f  any o f  these compounds, o r  any 
th iocyana te , n i t r i t e  or cyan ide. N eve r th e le s s ,  'the p o s s ib i l i t y  
e x is ted  that the NaOH had brought about the decomposition o f  
these compounds and th e i r  presence on the res in  could not 
th e r e fo r e  be exc luded„
In v iew  o f  the fa c ts  t ’~at (a )  the two im p u r it ie s  incom­
p l e t e l y  removed by the NaOH regen era t ion  were c o b a lt  and 
sulphur, in  the mol. r a t i o  o f  Co/S - 1/8.3, and that (to) 
traces  o f  th iocyanate  anions had been de tec ted  in ’Western 
Reefs  pregnant s o lu t i o n s , i t  seemed l i k e l y  that the c o b a l t ! ”  
th iocyanate  complex would o f f e r  the most prom is ing l i n e  o f
35/ in v e s t ! g a t !  on
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in v e s t ig a t io n .  The presence o f  Co(CNS)^11, as the p o s s ib le  
complex, would req u ir e  a mol r a t i o  o f  Co/b =*1/6, but the 
observed r a t io  could, be r e a d i ly  explained, by the presence o f  
o ther  forms o f  sulphur. Experiments were th e re fo re  undertaken 
to determine i f  a dd it ion s  o f  th iocyanate to a pregnant so lu t ion  
con ta in ing  co b a lt  would produce co b a lt  adsorbtion  on the 
passage o f  such a so lu t ion  through an anion exchange res in  column 
( b) A dd it ions  o f  Connlexlnor Agents to the } r e m a n t  S o lu t ion.
Ammonium th iocyanate was added to 1 l i t r e  o f  Western 
Beefs  pregnant so lu t ion  con ta in ing  20*1 ra^ms. o f  Go. Th is 
so lu t ion  was s t i r r e d  w ith  1  gm o f  fre sh  re s in  and in repea t 
experiments passed through a column con ta in ing  2 gns, o f  
r e s in .  In every  case the so lu t ion s  and the res in  were analysed 
f o r  c o b a lt .
Under these cond it ions  no coba lt  adsorbtion  was observed 
to have taken p la ce ,  In  each case the b r ig h t  red co lour o f  a 
f e r r i c  th iocyanate  an ion ic  complex was formed and s tron g ly  
adsorbed by the r e s in .  Other t e s ts  under s l i g h t l y  d i f f e r e n t  
experim ental cond it ions  produced the same r e s u l t .  These r e s u lts  
ar-e shown in d e t a i l  in  Tab le  To, 16 Tests  To. Cl -  G5 which, 
f o r  the sake o f  c la r i t y ,  are inc luded toge th er  w ith  a l l  o ther 
experimental d e ta i l s  in  an appendix a t  the end o f  th is  chapter.
I t  was th e re fo re  concluded, that the c o b a lt  th iocyanate 
complex would not be adsorbed by the anion exchange r e s in s  in 
the presence o f  la rg e  amounts o f  Fe+*+ „
The p o s s i b i l i t y  e x is ted  that the co b a lt  would be adsorbed 
as a complex w ith  some other sulphur compound which would not 
form a s im i la r  complex w ith  F e * * * « However, a d d it ion s  to a 
pregnant so lu t ion  o f  th io su lp h a te s , p ersu lphates , su lp h ite s ,  
su lph ides , b is u lp h it e s ,  hydrosu lph ites  and the va r iou s  p o ly -  
th ionates f a i l e d  to produce any co b a lt  adsorbtion  on the r e s in .  
(See Tests C l2 to C20) . Attempts to produce these compounds
3®/ 9in  s i t u 9. . .
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!!in  s i t u 8 by bubbling H0S and. S0 9 throughtthe pregnant so lu t ion  
under various cond it ions  a lso  f a i l e d  to r e s u l t  in any cob a lt  
adsorbtion  on the r e s in ,  ' 'Test C6 ~ G i l ,  Table No 16)
The o ther  common compl exJLng agents p resen t are the cyanide 
and n i t r i t e  anions. Their  presence in  a pregnant so lu t ion  can 
be r e a d i ly  exp la ined . The cyanide iorr is  d e r ived  from the 
p rev ious cyan idation  o f  the ore ; and the n i t r i t e  may be in t r o -  
duced when the f i r s t  po rt ion  o f  the e lu a te  i s  returned to the 
pregnant s o lu t io n .  Any reducing agents, such as sulphur 
compounds, .on the res in  might form n i t r i c  ox ides and n i t r i t e s  
w ith  the n i t r i c  acid  in the e lu t in g  s o lu t io n ,  However, the 
a d d it ion  o f  NaCN and NaNO^ to the pregnant so lu t ion  f a i l e d  to 
r e s u l t  in any co b a lt  adsorbtion  on the r e s in ,  (T es ts  C21 and 
C22 -  Table go. 16) ,
A dd it ions  o f  o ther  complexing agents such as o r th o - ,  
raeta- and pyrophosphates, f lu o r id e s ,  s i l i c a t e s  and e i l i c o -  
f lu o r id e s  a lso  f a i l e d  to r e s u l t  in  any cob a lt  adsorbtion  on 
the r e s in .  (T es ts  C23 -  C28, T :b le  No. 1 6 ).
In v iew  o f  the f a i lu r e  o f  these t e s t s ,  th is  method o f  
approach was abandoned and a means o f  removing the co b a lt  from 
the poisoned res in s  was sought.
( c ) Attempts to Remove the C oba lt  Adsorbed on the Po isoned 
R es ina .
The accepted e lu t in g  reagents such as HC1, I!NOs , H0SO4 , 
NaOH and KCIO4 both in  d i lu t e  and concentrated  so lu t ion s  were 
found to be i n e f f e c t i v e ,  on ly  about 10 ,1  to 20,,' o f  the co b a lt  
on the res in  be ing  removed. The p e rc h lo ra te  anion i s  a strong 
e lu t in g  ament and i s  capable o f  d isp la c in g , most o th er  anions.
I t s  f a i lu r e  to do so in the case o f  the cob a lt  complex anion 
su"^ested that i t s  removal depended on r ea c t io n s  o ther than 
a s tra igh t fo rw ard  e le c t r o v a le n t  exchange,
Tos t  prom ising o f  these methods in vo lv ed  the d es tru c t ion
3?/ o f . a © ©
o f  the complex on the res in  when the so lu t ion  could he analysed 
f o r  th -  products o f  the decomposition^ e „g . i f  the c o b a lt  were 
p resen t as the c o b a lt  th iocyanate  complex i t  could be removed, 
by ox id a t ion  o f  the th iocyanate (w ith , say, hro) to su lphate, 
thus breaking the complex in to  a ca tion  Co+++ and. an anion 
SO4 * 1. The presence o f  co b a lt  and sulphate in the so lu t ion  
would show that such a decomposition had occurred*
In order  to examine th is  p o s s i b i l i t y  the poisoned res in  
was b o i le d  w ith  10# Br? In  NaOH, when, although a l l  the sulphur 
p resen t on the r e s in  was removed as a su lphate, on ly  about 10 # 
o f  the co b a lt  was removed. Th is showed co n c lu s iv e ly  tha t the 
c o b a lt  was not presen t on the res in  as a c o b a lt  th iocyanate 
complex, nor as any o ther  complex con ta in ing  sulphur, ' ' e i t h e r  
was i t  p resen t as a c o b a l t i n ! t r i t e  s ince the l a t t e r  would a lso  
be decomposed by th is  treatment, (T e s t  C30) „
S im i la r ly ,  fuming the r e s in  w ith  h y d ro f lu o r ic  acid  showed 
tha t a l l  the s i l i c a  could be removed w ithout removing the 
major p o rt ion  o f  the c o b a lt .  This behaviour e lim inated  the 
p o s s i b i l i t y  o f  complex cob a lt  s i l i c a t e s  be ing the main co b a lt  
complex on the r e s in .  (T e s t  C31tt)
I t  i s  in t e r e s t in g  to note that under these severe  e x p e r i­
mental con d it ion s , the res in  underwent no apparent decomposition 
as shown by the weights o f  the re s in  b e fo re  and a f t e r  these 
treatments*
Another technique has been found u se fu l in  removing ions 
from exchange r e s in s ,  namely to e lu te  the res in s  with an e lu t in g  
agent which forms a complex w ith  the ion . Although th is  
technique is  genera ’ l y  app lied  to the removal o f  ca t ion s  from 
a ca t ion  exchange r e s in ,  i t  was considered tha t I t  might 
p ro v id e  a p o s s ib le  means o f  removing the co b a lt  complex on 
the res in *
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The r e s in  was trea ted  w ith  cold. NaCN and co ld  NF/.CNS, 
the former be ing  unsuccessful w h ile  the l a t t e r  was found to 
remove 25/ o f  the cob a lt  on the r e s in ,  (T e s t  C32 and C35) a 
Th is l a t t e r  method showed promise s in ce  th is  was the g r e a te s t  
amount y e t  removed. On hoi l in y  the res in  w ith  SO,,' , an
in t e r e s t in g  r e s u l t  was observed in  that the re s in  g rad u a lly  
assumed a ^reen co lou r s im i la r  to that o f  a res in  loaded w ith  
co b a lt  th iocyanate complex anions, and. even more im portant, 
that about 80/ o f  the coba lt p resen t  on the re s in  was removed 
in  the th iocyanate  so lu t ion  (T e s t  G34)„ The green co lou r  was, 
in  f a c t ,  id e n t i f i e d  to be due to a. c o b a lt  th iocyanate complex 
and, on des troy in g  th is  complex by b o i l in g  the r e s in  w ith  BrP 
in  KC1, a fu r th e r  19/ o f  coba lt  was removed, making an o v e r a l l  
removal o f  99/.
The q u a l i t a t i v e  an a lys is  o f  the NH^CNS ex tra c t  was rendered 
extrem ely d i f f i c u l t  by the high concentra tion  o f  CHS * , and a lso  
by the presence o f  a cons iderab le  amount o f  c o l l o id a l  sulphur 
and organ ic  m atter. The co lour o f  the e x t r a c t  was a deep 
o ran ge -ye llow . however, c e r ta in  opiali t a t i v e  te s ts  on th is  
so lu t ion  (T e s t  035} in d ica ted  tha t the co b a lt  was p resen t as 
a . cobal t icyan ic !e  complex.
Confirm ation o f  th is  in d ic a t io n  was prov ided  from an 
an a lys is  o f  the poisoned res in  f o r  co b a lt  and t o ta l  n itro g en .
I t  had been not iced  in  the analyses o f  the various poisoned 
re s in  samples that an in crease  in  the co b a lt  con ten t was 
accompanied by an in crease  in  the t o t a l  n itrogen  content o f  the 
r e s in .  A n a lys is  f o r  t o t a l  n itrogen  was ca rr ied  out by the 
K je ld ah l d ig e s t io n  method in  which the re s in  was heated w ith  
cone, !TgS0  ^ to  con vert  the amino groups to ammonium s a l t s e 
which were then estimated by ca rry in g  out an ammonia' d i s t i l l a t i o o „ 
This treatment decomposed the cobal t i  cyanide anion accord ing to
39/ t h e , , , . ,
the r e a c t !o n t
2 H3 ^Co(CN)6j + B HpS04 + 15 HgO -  2 CoS04 + 6 (NH4 ^S04 + 11 CO +
from which i t  can be seen that each eq u iva len t  o f  cyanide in  
the ^Go(CN)gj complex forms one equ iva len t  o f  an ammonium 
s a l t .  A sample o f  the poisoned res in  con ta in ing  co b a lt  was 
analysed f o r  t o t a l  n itrogen  by the K je ld a h l method. A sample 
o f  the same res in  was then sub jected  to the NH^CNS and Brg 
treatm ent d escr ib ed  above to remove the coba lt, and, a f t e r  
thorough washing, again analysed f o r  t o t a l  n it ro g en .  As expected, 
the poisoned res in  contained more n itrogen  than the regenera ted  
r e s in ,  the excess being p resen t in  an amount eq u iva len t  to 
approx im ately  6 equ iva len ts  o f  n itrog en  to every one nol o f  
co b a lt  p resen t on the r e s in ,  (T e s t  C36) „
(d ) P ro p e r t ie s  and Occurrence o f  the G oba lt lcyan ide  An ion .
The conclusion that the c o b a lt !c ya n id e  anion was p resen t
on the poisoned re s in  exp la ined many p re v io u s ly  observed
1 1 0phenomena. The 'c ob a lt !c yan id e  anion i s  remarkable f o r  i t s
g re a t  s t a b i l i t y .  I t  i s  f a r  more s ta b le  than e i th e r  the f e r r o -
or fe r r ic y a n id e s ,  being u n a ffec ted  by b o i l in g  w ith  cone. HC1 ,
Cone. HNO ch lo r in e ,  bromine and cone. NaOH. I t  forms in -  
o
so lu b le  sa lts  w ith  most o f  the d iv a le n t  m etals , but u n l ik e  the 
f e r r o “  and f e r r i c y a n id e s , the f e r r i c ,  and most o f  the o th er  t r l~  
va len t  metal s a l t s  are so lu b le .  . I t  i s  formed by the a c t ion  o f  
ON8 on a co b a lt  s a l t  to g i v e ,  i n i t i a l l y ,  in s o lu b le  Co(CN)P 
which r e d l 6so lves  in  excess- CM’1 to form a coba ltocyan id e . The 
l a t t e r  anion i s  extrem ely unstab le and i s  r e a d i l y  o x id is e d  to 
form the s ta b le  co b a lt ic ya n id e  
Co++ * 2CN ’ a Co (CM) 2 
Co(CM)g + 4CN‘ a Co(CN) 6 ‘ * ‘ 1
4 [ c o ( C N ) g j  "  * 1 + 0g + 2t-t2 0 »  4^Co(CN)6 ) ' s " + 40H*
The l a t t e r  ox id a t ion  occurs ve ry  r e a d i ly  and can be
40/ b rou gh t .. „
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brought about by merely a l lo y in g  the so lu t ion  to stand w ith  
f r e e  access to the atmospheric oxygen,, I t  i s  reasonably  c e r ta in  
that such a sequence o f  rea c t io n s  would take p la ce  during the 
cyan !datlon  o f  the o re , and that any co b a lt !c ya n id e  thus formed 
remaining In the cyanide res idue p r io r  to leach ing, would appear 
unchanged In the uranium pregnant so lu t io n ,  and consequently  
cause po ison ing  o f  the anion exchange columns-
I t  i s  apparent from co b a lt  analyses c a r r ied  out a t  the 
Western Reefs P i l o t  P lan t  that on ly  a. small p o r t io n  o f  the 
t o ta l  c o b a lt  in  the ore undergoes th is  s e r ie s  o f  rea c t ion s -  
The major p o r t io n  i s  d is so lv ed  under the acid  con d it ion s  o f  
the uranium leach  and appears in  the pregnant s o lu t io n  as a 
co b a lt  ca t ion , which has no e f f e c t  on the anion exchange res in s -  
Th is exp la ins the f a i lu r e  in  the e a r l i e r  te s ts  to ob ta in  any 
co b a lt  adsorb tion , s in ce  In  the p a r t ic u la r  batch o f  pregnant 
so lu t ion  used no co b a lt !c ya n id e  was p resen t although a cons ider-  
ab le  amount o f  the cobaltous ca t ion  was found-
The f a i lu r e  to d e te c t  CN® on the poisoned res in s  in  the 
p re l im in a ry  t e s ts  was due to the remarkable s t a b i l i t y  o f  the 
co b a lt !c ya n id e  anion -
{ 3) THE nature 0? THE SULPHUR COMPOUNDS OCCURRING- ON THE 
WESTERN REEFS POISONED RESIN,
Pre l im in a ry  Tests ;
The presence o f  c o l l o id a l  sulphur in  the water under 
which the res in s  had been s to red  le d  to the susp ic ion  that a t  
l e a s t  a p a r t  o f  the t o ta l  sulphur on th is  re s in  was in th is  
form- A thoroughly washed sample o f  the res in  was ex tra c ted  
w ith  CS9 in  a Soxh le t  apparatus and found to contain 1*20> S 
so lu b le  in  CSP- The t o t s !  sulphur on th is  p a r t ic u la r  res in  
was 3*21$. No su lphate, su lph ides , th iocyanates  o r  th iosu lphates  
were found to be p resen t by sim ple q u a l i t a t i v e  t e s ts -  The 
t e s ts  on the nature o f  the c o b a lt  poison on the r e s in  showed 
that the sulphur was in  no way complexed w ith  the co b a lt  -
41/ I d e n t i f i c a t i o n , - - . ,
41 -
Id e n t i f i c a t i o n  o f  the Sulphur Compound on the Re s in ,
A .means o f  removing the sulphur compound on the res in  was 
sought. The 30/ NaOH used f o r  regen era t ion , although removing 
p a r t  o f  the sulphur, must, In so do ing, have a l t e r e d  the form 
o f  the sulphur compounds s in ce  both sulphides and th iosu lphates  
vrere d e tec ted  in the NaOH wash, whereas n e ith e r  o f  these com*' 
pounds was d e te c ta b le  on the o r ig in a l  po isoned res in .. N e ith er  
d i lu t e  nor cone. KG1 was found to be . e f f e c t i v e  in  removing the 
sulphur.
TTowever, 1 *0N HNOg was found to remove a t  l e a s t  p a r t  o f  
the sulphur p resen t w ithout any v i s i b l e  s igns o f  decom position, 
q u a l i t a t i v e  tes ts  pn th is  t7NOg e lu a te  in d ica te d  the presence o f  
p o ly th io n a tes .  (T e s t  C3B)„
This In d ic a t io n  was confirmed by e lu t ion  o f  the res in  
w ith  NaCN which undergoes the fo l lo w in g  rea c t ion s  w ith  p o ly ­
th ion a tes .
s6° 6 M + 5CN5 * Hq 0 - s2 °3 1 * +
0to + 3SCN i + 2HCN r ( 1 )
S5O e3 s + 4CN 3 + HgO « S2 O3 sj + SO4 .* • + 2SCN? + 2HCN -  ( 2 )
S406 ! s + 3CN 8 + h2o » s2°3 3 3 + S04 M '+ SCM3 -3- 2HCN - (5 )
The presence o f CMS • end s 2c v 3 in  the NaCN e lu a te was
d e te c ted  and taken to confirm the presence o f  p o ly th io n a te e 0 
I t  was considered o f  some importance to determ ine which 
o f  the p o ly th ion a tes  was p resen t, so that the ex ten t  o f  po ison­
in g  due to these compounds could be ca lcu la ted  from an an a lys is  
o f  the r e s in .  This was thought p o s s ib le  by means o f  the re ­
a c t ion s  (1 ) , (2 ) and. (5 ) and rea c t io n s  o f  the p o ly th io n a te s  
w ith  S03 * » .
In ju s t  a lk a l in e  so lu t ion s  the fo l lo w in g  rea c t ion s  take place
b g O e ? 1 v- 3303 ! ‘ ' -  S306 ‘ 3' *  3S2 ° 3 ? 3 -  ( 4 )
s 5o6 * * *  2305 » 3 -  S3 06 M + 2S2 03 1 * -  ( 5 )
W 1 +■■ s o 3 r « -  s 3 ° 6 * 8 + s 20 3 •« -  ( 6 )
42/ The, > . . ,
The th iosu lphate  formed accord ing to these rea c t ion s
could be determined by t i t r a t i o n  w ith io d in e ,  a f t e r  removing
42 '
the. excess su lp h lte  w ith  formaldehyde. ,
A sample o f  f r e s h ly  poisoned re s in  was t rea ted  w ith  
so lu t ion s  o f  ju s t  a lk a l in e  NaCN and Na2S03  tinder a v a r ie t y  o f  
cond it ions ,-and  the th iosu lphate  thus formed determined... I t  
was„ however, found im poss ib le  to ob ta in  d u p llc a t ion  o f  results® 
Moreover rough estim ates from these f ig u r e s  showed tha t in  
order  to- account f o r  the to ta l  sulphur on the r e s in ,  the presence 
o f  a hex&thiom te  would have to be assumed. This was su rp r is in g  
s ince the hexath ionates are  g e n e r a l ly  assumed to be unstable®
The most s ta b le  o f  the p o ly th lon a tes  i s  the t e t ra th lo n a te ,
S4O6 ® (T e s t  C38)o
However, i t  was r e a l i s e d  that e rro rs  might, have been 
in troduced by the use o f  a lk a l in e  so lu t ion s  on a strong base 
anion exchange r e s in .  In s trong  a lk a l in e  so lu t ion s  the p o ly -
th ion a tea  decompose as f o i l  owe;
S6 06 » s 5o 6 «* * S -  ( ? )
S506 ! 3 + SO’7 • «  5S203 s * + 3H20 -  (8)
4S406 , j + 6OH4 »  5S203 * • + 2S306 5 ‘ + 3H20 -  (9 )
2S306 ta + 60H5 »  4S03 *» + So03 9? + 3HgO -  (10)
During the passage o f  the s l i g h t l y  a lk a l in e  cyanide and 
su lp h ite  s o lu t io n s ,  the OH5 would be adsorbed by the anion 
exchange res in  w ith  the r e s u l t  that in s id e  the beads o f  the 
res in  a high concen tra tion  o f  OH8 ions  would e x is t ,  and th is  
would bring  about the decom position o f  the p o ly th lo n a te s  as above 
Assuming the above theory to be c o r r e c t ,  e lu t io n  o f  the 
po isoned res in  w ith  NaOH should b r ing  about the complete 
decomposition o f  the p o ly th io n a te  accord ing  to r ea c t io n s  ( 7 ) ,
( 8 ) ,  (9 ) and ( 1 0 ) c
Such an experiment was ca rr ied  out in which the poisoned 
res in  was e lu ted  w ith  10% NaOH, and the th iosu lphate  thus formed,
43/ determined. « « e>
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determined, The r e s u lts  on d u p lica te  determination,? v?ere 
in  e x c e l le n t  agreement and i t  was found that the sulphur on 
the re s in  could be s a t i s f a c t o r i l y  accounted f o r  by the presence 
o f  a t e t ra th lo n a te ,  S^Og98. The experimental d e t a i l s  are 
g iven  in  T es t  C39 
Occurrence o f  the P o ly th lo n a te s :
The presence o f  p o ly th lon a tes  in  the pregnant so lu t ion s  
could not be as r e a d i ly  accounted f o r  as in  the case o f  the 
c o b a lt !c y a n id e s „ These compounds are g e n e r a l ly  formed as a 
r e s u l t  o f  a rea c t ion  between HoS and mild o x id iz in g  agents 
such as Fe*++ , SOq o r  an MnOg suspension,
k i th  the m a jo r ity  o f  the Hand ores HoS i s  evo lved  on the 
add it ion  o f  a c id , and i t  was o r i g in a l l y  considered that the 
form ation o f  p o ly th lon a tes  was the r e s u l t  o f  the rea c t io n  o f 
th is  gas w ith  e i th e r  the Fe+++ o r  the MnOo presen t during the 
uranium leech* Judging from the exper ience  a t  the Western 
Reefs  P i l o t  P la n t  where on ly  s p e c i f i c  batches o f  pregnant 
so lu t ion  exh ib ited  p a r t i c u la r ly  bad lo a d in g  p ro p e r t ie s  and sub­
sequen tly  caused, a sudden d e te r io r a t io n  o f  the ion  exchange 
columns, i t  seemed l i k e l y  that c e r ta in  con d it ion s  favoured the 
form ation o f  p o ly th io n a te s , these con d it ion s  be ing absent from 
the m a jo r ity  o f  the leach ing  procedures.
A cco rd in g ly  an in v e s t ig a t io n  was undertaken to study the 
e f f e c t  o f  c e r ta in  va r ia b le s  on the form ation o f  po ly th lon a tes  
during the uranium leach . Factors such as the concentra­
t io n ,  the acid concen tra tion , the amount ana the nature o f  the 
FnOo add it ion  and the e f f e c t  o f  a i r  a g i t a t io n  were stud ied .
Mane o f  these fa c to rs  were found to have any marked e f f e c t  on 
cne p o ly th io n a te  form ation . Samples o f  the cyanide res idu e 
from Western ^ e - fs  and West Rand Conso lidated  (which had. a lso  
experienced po ison in g ) and the uncyanlded ore  from Luipaards- 
v l e i  (which in  o ther  tes ts  had been observed to evo lve  much HoS
44/ o n , . . . .
«  44 -
on the add it ion  o f  ac id ) were used fo r  these t e s t s .
I t  was observed that in  the case o f  the West Rand Con­
so l id a ted  and Western Reefs res idu es , traces  o f  th iocyanate and 
cyanide ion s , which were o r i - i n a l l y  p resen t in  the cyanide 
res idu e , e t i l l  remained in  the pregnant so lu t ion  a f t e r  leach in g . 
These ions  In t e r fe r e d  in the method o f  an a lys is  f o r  p o ly th lon a te  
and steps were taken to remove them by thorough washing o f  the 
cyanide res idu e  p r io r  to lea ch in g .
As a r e s u l t  o f  th is  treatment the p o ly th lo n a te  formation 
was p r a c t i c a l l y  e lim in a ted . This im plied  that the compound 
causing the form ation o f  the p o ly th ion a tes  was p resen t in  the 
o r ig in a l  cyanide res idue and could be removed by washing. In 
the case o f  the Lu lpaardsv le l o re ,  which had not y e t  been 
cyanlded, v i r t u a l l y  no p o ly th ion a tes  were found in  the pregnant 
s o lu t io n .  D e ta iled  an a lys is  o f  the recyc led  cyanide l iq u o r  
showed that the on ly  o ther  sulphur compound p re s en t ,a p a r t  from 
su lphate, was the th iocyanate anion.
I t  was a t  f i r s t  considered p o s s ib le  that the th iocyanate 
acted  merely as a c a ta ly s t  f o r  the form ation  o f  p o ly th io n a tes .  
However, the a d d it ion  o f  known amounts o f  th iocyanate  to a 
thoroughly washed cyanide res idu e  p r io r  to lea ch in g , r e s u lted  in  
the formation o f  p o ly th ion a tes ,  the amounts o f  which were approx­
im a te ly  p ro p o r t io n a l  to the amount o f  CNS o r i g in a l l y  added.
I t  was, th e r e fo r e ,  concluded that the form ation o f  p o ly ­
th ionates  was the r e s u l t  o f  the destruc tion  and ox id a t ion  o f  
the th iocyanate  ions presen t in  the unwashed cyanide res idu e .
The re s u lts  o f  the tes ts  described  above are summarised in  
Table Mo. 7.
P ro p e r t ie s  o f  the T e tra th lon a te  Ion .
Of a l l  the p o ly th ion a tes ,  the t e t ra th io n a te  i s  the most 
s ta b le .  N everth e less  pure so lu t ion s  o f  the sodium s a l t  o f  
th is  anion decompose s low ly  in the cold w ith  the d epos it ion  o f
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c o l l o id a l  sulphur, The decomposition is  a cce le ra ted  in a lk a l in e
A 9
so lu t io n s  ~ and In  the presence o f  c e r ta in  im p u r it ie s ,  n o ta b ly , 
in th is  in s tance , su lphuric a c id *76 The t e t ra tb io n a te  i s  
m oderately s ta b le  in cold d i lu t e  n i t r i c  a c id ,  but on heating  
is  r a p id ly  o x id is ed  to sulphate,, On standing in the presence 
o f  n i t r i c  ac id  in  the co ld ,  f o r  some len g th  o f  time, c o l l o id a l  
sulphur i s  formed , 76
The te t ra th io n a te  reac ts  r a p id ly  and q u a n t i t a t iv e ly  in  
a lk a l in e  so lu t ion  v i  th su lph ite s  and cyanides as shown in  
rea c t ion s  3 and 6. A s im i la r  rea c t ion  occurs w ith  a lk a l in e  
su lph ides accord ing to the equation
S406 ”  + S » '  * 2S203 * ' + S ~ (11)
I t s  rea c t ion  w ith  strong a lk a l i e s  has a lread y  been g iven  
(r e a c t io n s  9 and 10)
With strong reducing agents such as nascent hydrogen, a 
su lph ide is  formed,
With strong o x id iz in g  agents in hot s o lu t io n ,  p o ly -  
th ionates  are q u a n t i t a t iv e ly  ox id ised  to su lph a tes , 76
When a res in  In the n i t r a t e  form con ta in ing  te t ra th io n a te s  
is  a llowed to stand in  the co ld , the t e t ra th io n a te  decomposes, 
l ib e r a t in g  c o l l o id a l  sulphur, some o f  which remains in s id e  the 
res in  p a r t i c l e s .  Analyses o f  the var ious samples o f  poisoned 
r e s in  from Western Reefs show that although they a l l  contain 
t e t r a th io n a te s , on ly  those tha t have stood fo r  some len g th  o f  
time contain c o l l o id a l  sulphur. I t  can thus be assumed, that 
the presence o f  th is  substance can be accounted f o r  by the 
decomposition o f  the t e t ra tb io n a te .  The e f f e c t  o f  th is  <\ecom­
p o s i t io n  w i l l  be discussed in  more d e t a i l  l a t e r .
46/ (4 ) TH E ....
( 4 ) THE NATURE 0? THE SILICEOUS COMPOUNDS QN..-IHE-MES1S3I£
HLfiFS POISONED REEIN.
The adsorbtlon  o f  s i l i c a t e  ions p resen t In  the pregnant 
so lu t ion s  by the strong base ion exchange re s in s  was on ly  to 
be expected* In f a c t  these r e s in s  are employed in  water­
so ften in g  in s ta l la t io n s  to remove th is  ion  from high s i l i c a  
con ten t w a te rs .
, However in  th is  p a r t ic u la r  in s ta n ce ,th e  major amount o f  
the s i l i& a  determined in  the analyses o f  the po isoned res in s  
was p resen t as an in s o lu b le  form adhering to' the res in  p a r t ic le s *  
This in so lu b le  s i l i c a  could on ly  be removed, w ith  d i f f i c u l t y ,  
by washing o f  the res in  or by e lu t ion  w ith  strong a lk a l ie s *
I t - i s  p o s s ib le  that p a r t  o f  the s i l i c a  determined'-was 
presen t as a s i l i c a t e  anion adsorbed on the r e s in ,  but I t  was 
found to be im poss ib le  to d is t in g u ish  between these s i l i c a t e s  
and the in s o lu b le  s i l i c a  by a n a ly t ic a l  methods*
However, when the nature o f  the co b a lt  and sulphur com­
pounds on the re s in  had been ex tab lish ed , i t  was th en 'p o s s ib le  
to c a lc u la te  the amount o f  the po ison in g  caused by these elements 
from an a n a ly s is  o f  the re s in ,  In a l l  cases the ca lcu la ted  
ca p a c ity  agreed w e l l  w ith  the exper im en ta lly  determined ch lo r id e  
ca p a c ity  d is rega rd in g  any e f f e c t  o f  the s i l i c a *  I t  can be con­
cluded th e re fo re  that the s i l i c a  on the r e s in  does not p la y  an 
im portant r o l e  in  the po ison ing  o f  the re s in  and that the major 
p o r t io n  i s  p resen t in  an in a c t iv e  form attached to or in s id e  
the res in  p a r t i c l e s .
A t y p ic a l  ana lys is  o f  a c l a r i f i e d  pregnant so lu t ion  shows 
that about 2/3 o f  the t o ta l  s i l i c a  i s  p resen t as c o l l o id a l  
s i l i c a  and w i l l  not g iv e  the co lourlm etric . r e a c t io n  o f  s i l i c a t e s  
w ith  ammonium molybdate* The presence o f  th is  c o l l o id a l  s i l i c a  
in  the pregnant so lu t ion  p rov id es  a ready explanation  f o r  the 
accumulation o f  the s i l i c e o u s  slim e In the anion exchange
47/ ■ columns.'. . .
columns, op era t in g  on an apparen tly  c le a r  pregnant so lu t ion .
I t  has been found in  water treatment in s ta l la t io n s  that 
the s i l i c a t e s ,  although I n i t i a l l y  adsorbed, by the strong base 
anion exchange r e s in s ,  are r e a d i l y  d isp laced  by o ther  anions 
such as SO4 03 and C05 l * , and fo r  th is  reason i t  i s  considered 
that although the land leach  l iq u o rs  w i l l  unavoidably contain 
com parative ly  h igh  concentra tions o f  s i l i c a t e s ,  these w i l l  not 
g i v e  r i s e  to any ser iou s  po ison in g  o f  the columnSo
(5) ainvRAT f! mis m m  a t i qvs of tt-*e poisoning- o f h _ M  
EXCHANGE RESINS AT WESTERN REEFS ,
Having e s ta b lish ed  the id e n t i t y  o f  the compounds p resen t
as Im p u r it ie s , on the western Reefs  r e s in ,  i t  was necessary to
d is co v e r  whether the removal o f  the three major im p u r it ie s  -
Go, S, S i0Q, r e s u lted  in the complete regen era t ion  o f  the
r e s in .
A cco rd ing ly  a sample o f  res in  was (a )  fumed w ith  HF to 
remove a l l  the s i l i c a ,  (b ) b o i l e d  w ith  50/ NH4CNS to remove the 
major o o r t ion  o f  the co b a lt ,  ( c )  b o i le d  w ith  10;'.! Br0 in  HG1
i-t
to remove the sulphur compounds and. the remaining c o b a l t » The 
capac ity  vas then determined and found to be 5.75 m ill !eq u iva len ts^  
gm dry RCL, which, when compared w ith the va lue o f  3 .6  m i l l i -  
equivalents/gm RCL fo r  a fr e sh  r e s in ,  showed th a t  complete 
regen era t ion  had been ob ta ined , (T e s t  Ho, C4.0,)
I t  may be concluded, th e re fo re ,  that the po ison in g  o f  the 
res in  i s  due to the presence o f  the fo l lo w in g  im pu r it ies  :
1 . C ob a lt !c yan id e  anions,
2, T e tra th ion a te  anions,
3. C o l lo id a l  sulphur. : p
' 1 • " ft •" , ;;
4, In so lu b le  s i l i c a ,  1 • ! 1
The re g e n e ra t iv e  e f f e c t  o f  the SO/’ NaOH can be considered 
to be due to the fo l lo w in g  rea c t ion s ;
(a )  I t  r e a d i l y  removes the s i l i c a  from the r e s in ,
48/ (b )  I t . , . .
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(b) I t  r e a c t s  wi th the t e t r a t h i o n a t e  ion as in  equations ( 9 )
and ( 1 0 ) t b r i n g i n g  about t h e i r  decomposition and. 
subsequent re m ova l«
(c)  I t  r e a c t s  w it h  c o l l o i d a l ,  su lp h u r .to form N& p 8 t thus
removing i t  from the r e s i n c
An e x p lan a tion  why the c o n c e n tr a t io n s  o f  MaOH below 50,1 
a re  n o t  as e f f e c t i v e  i s  p o s s i b l y  gb f a l l o w s t
Although, the r e a c t i o n  w ith  polythipnat.ee in  s o l u t i o n  
norm ally  r e q u i r e s  a high. OH c o n c e n t r a t i o n ,  i t  has been shown 
t h a t  t h i s  decomposition o c c u rs  i n  weakly a l k a l i n e  s o l u t i o n s  in  
the p r e s e n c e  o f  the anion exchange r e s i n s : „ However i t  can be 
a p p r e c i a t e d  th a t  the s o l u t i o n  o f  c o l l o i d a l  sulphur i n  a l k a l i e s  
r e q u i r e s  high concentrations:  o f  HaQH b ec au se  In  t h i s  c a s e  i t  i s  
the c o n c e n tr a t io n  o f  the Na+ which i s  the im portant f a c t o r  and 
t h i s  w i l l  not be influenced,  by the anion exchange r e s i n „
The r e g e n e r a t i v e  e f f e c t  o f  the 5/5 Nag3 i s  s i m i l a r l y  
e x p la in e d  by the f a c t  t h a t  5
(a.)' I t  i s  s u f f i c i e n t l y  a l k a l i n e  to remove the s i l i c a . ,
( 0 ) I t  r e a c t s  w ith  the t e t r a t h i o n a t e ,  b r i n g i n g  about i t s  
decomposition a c c o r d in g  to equation | l l ) 0
(c)  I t  react-®  with  the c o l l o i d a l  sulphur to form a p o 1  y b u l p h i d e „
None ol these r e a c t i o n s  r e q u i r e s  a h ig h  c o n c e n tr a t io n  end
hence a r e l a t i v e l y  low c o n c e n tr a t io n  o f  NaoS- i s  an e f f i c i e n t
regene ran to
I t  has a l r e a d y  been o b served  th a t  the above r e g e n e r a n t s  
have l i t t l e  o f  no e f f e c t  on the c o b a l t ! c y a n i d e  a n i o n . In the 
o r i g i n a l  sample o f  poisoned r e s i n  from Western R e e f s ,  the amount 
o f  c o b a l t  p r e s e n t  did  not c o n t r i b u t e  a p p r e c i a b l y  to the o o l s o n -  
in g  o f  the r e s i n .  In subsequent samples,  in  which the c o b a l t
c o n te n t  o f  the r e s i n  had b u i l t  up s u f f i c i e n t l y  to be r e s p o n s i b l e
r o r  a l a r g e  p e r c e n t a g e  or the p o i s o n i n g ,  trie cup naun ana trie up
Ha£S did not  p r o v i d e  as e f f i c i e n t  r e g e n e r a t i o n .  T h is  was the 
c a s e  in  samples o f  Western R e e fs  r e s i n  a f t e r  a p p ro x im a te ly  80 
c y c l e s  o p e r a t io n  (See T able  No» 6 ) ,  i n  which the c o b a l t  content
49/  o f . . „ . .
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o f  the r e s i n  was l ® 7 2 / f which accounted, f o r  24;? o f  the t o t a l  
exchange c a p a c i t y ®  Thus In t h i s  c a s e ,  n e i t h e r  the 3 0 /  NaOH 
nor the 5 /  NagS r e g e n e r a n ts  could be expected to i n c r e a s e  the  
c a p a c i t y  to a v a l u e  above 7 6 /®
A d e t a i l e d  c a l c u l a t i o n  i s  g iv e n  below to i l l u s t r a t e  how 
the a c t u a l  c a p a c i t y  can he c a l c u l a t e d  from a chemical a n a l y s i s  
o f  the poisoned r e s i n ®  For t h i s  c a l c u l a t i o n  the l a s t  two 
samples o f  poisoned r e s i n  r e c e i v e d  from Western R eefs  a r e  con­
s i d e r e d ®  When these t y p i c a l  poisoned r e s i n  samples were examined 
the a n a l y t i c a l  methods f o r  p o l y t h i o n a t e s  and c o b a l t  e s t i m a t i o n s ,  
and the d e te rm in a tio n s  o f  c h l o r i d e  and uranium c a p a c i t i e s  had. 
been p e r f e c t e d ®  These a n a l y s e s  were c a r r i e d  o u t  immediately  
on r e c e i p t  o f  the samples.
Resin  A% A m b e r lite  IR A ®400» E x  Column A -  Western R e e f s .
F u l l y  e lu te d  w it h  n i t r a t e  e l u t i n g  s o l u t i o n ®  80 c y c l e s  operatio n.  
Washed w ith  w a te r  b e fo r e  a n a l y s i s .
Resin,  B; A m b e r l i t e  I R A , 400,  Ex Column B -  Western Reef's.
F u l l y  eluted w ith  N i t r a t e  e l u t i n g  s o l u t i o n ®  1 5  c y c l e s  operatio n.  
Washed w ith  w a te r  b e f o r e  a n a l y s i s ®
ANALYSIS RESIN A RESIN B
T o t a l  S u lp h u r as S 7 . 2 3 / 7 . 5 0 /
T e t r a t h i o n i c  Su lp h u r as S 7 . 2 3 / 7 . 3 2 /
C o l l o i d a l  Sulp hur as S n i l T race
S i l i c a  as S 1 0 9 5 . 9 / 4 . 0 /
C o b a lt  as Co® 1 . 7 2 / 1 . 1 7 /
T o t a l  Ash 8 . 0/ 4 „ 8/
A c t u a l  c a p a c i t y  gms® UgOg/gm. 
RTQS . 1 1 8 . 1 1 4
% UgOg c a p a c i t y ®  (F re s h  r e s i n  . 2 6 2  
gras U3 08/gm o) 4 5 / 5 5 /
A c t u a l  Cl  c a p a c i t y  r a i l l l e a u l v . / g m  
RN0S 1 . 5 7 2 ® 0 1
/  Cl  c a p a c i t y  ( F r e s h  r e s i n  3 ®6  
m i l l ! e q u l v . / g m  RNO^) 4 4 / 5 5 /
50/ Assuming...®.
50 »
Assuming t h a t  the p o l y t h i o n a t e  i s  p r e s e n t  as  the t e t r a -  
t h i o n a t e  O4 O5 * \  then f o r  every  3 2  gms. sulphur p r e s e n t  on the 
r e s i n  0 . 5  ■ g m -e q u iv a le n ts  o f  the r e s i n ’ s c a p a c i t y  are  r e q u ir e d  
to combine w i t h  t h i s  compound. S i m i l a r l y  f o r  ev e ry  59 gms o f  
Co p r e s e n t  on the r e s i n  as jfco(CN) g| 81! 8, 3  g m -e q u iv a le n ts  o f
4
the r e s i n s  c a p a c i t y  a r « po ison ed .
RESIN A. RESIN B.
Thus;
E q u i v a l e n t s  poisoned by S^Og* 8 
p r e s e n t  on 1  gm.
7 . 2 3 7 . 3 222 2 x 3 2  x 10 0 2 x 3 2  x 1 0 0
as  mi 1 1 1  e q u i v a l e n t s  c a p a c i t y - 7 . 2 36 . 4
7 . 3 2
6 . 4
1 . 1 3 1 . 1 4
% p o is o n in g  due to S 4 O6 55 1 . 1 3  x 1 0 0 1 . 1 4  X 1 0 0
3 . 6 0 3 . 6 0
S3 3 1 . 4 / 3 1 . 7 /
sessssssksssb.
S i m i l a r l y  m i l l i e q u i v a l e n t s  
poisoned by c o b a l t  on 1  gm.
1 . 7 2  x 30 1 , 1 7  x 30
59 59
» 0 . 8 7 4 0 . 5 9 5
% p o is o n in g  due to c o b a l t S£ 8 7 . 4  
3 S
5 9 . 5  
3 . 6
2 4 . 5 / 1  6 . 2/
T o t a l  poisonin '*  due to c o b a l t  
and S4 0 g 118 SS 5 5 . 7 / 4 8 . 9 /
C a l c u l a t e d  % c a p a c i t y 4 4 . 3 / 5 1 . 1 /
I t  w i l l  be noted th a t  th ese  f i g u r e s  a r e  in  agreement w i t h  
the e x p e r i m e n t a l l y  determined c a p a c i t i e s *  the l a t t e r  v a l u e s  
b e in g  v e r y  s l i g h t l y  h i g h e r .  This  s l i g h t  d i s c r e p a n c y  i s  con­
s i d e r e d  to be due to the small amount o f  the p o ison  ( p a r t i c u l a r l y  
t e t r a t h i o n a t e )  removed by the s o l u t i o n s  used in  the c a p a c i t y  
t e s t s .
From th ese  and o th e r  c a l c u l a t i o n s  i t  i s  app arent  t h a t  
s i l i c a  p l a y s  no im portant p a r t  in the chemical p o is o n in g  o f  the 
r e s i n s „
f
C a l c u l a t i o n s  on the r e s u l t s  o b tain ed  f o r  the o r i g i n a l
1 . ;  /'* ■ '• ’ ;• 
5 1 /  s a m p l e s . . . . .
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samples o f  poisoned r e s i n  from b e s te r n  R e e fs  do not,, however, shai
s i m i l a r  agreement in  r e s p e c t  to the c a l c u l a t e d  and e x p e r im e n t a l ly
determined can a c l  t i e s .  I t  must toe remembered t h a t  the a n a l y t i c a l  
methods a t  t h a t  s ta g e  o f  the i n v e s t i g a t i o n  had n ot  been p e r f e c t e d
and the f i g u r e s  obtain ed and quoted a r e  s u b j e c t  to c o n s i d e r a b l e  
e r r o r *  N e v e r t h e l e s s  the d i f f e r e n c e  between the uranium capacity  
o f  4 6 # ,  the c h l o r i d e  c a p a c i t y  o f  59# and the c a l c u l a t e d  c a p a c i t y  
o f  7 5 „ 6# i n d i c a t e  d i f f e r e n c e s  beyond the range o f  experim ental  
e r r o r *  A  p o s s i b l e  e x p lan a tio n  o f  these d i f f e r e n c e s  may be 
r e l a t e d  to the p r e s e n c e  o f  c o l l o i d a l  su lph u r on the r e s i n *
Another sample o f  r e s i n  r e c e i v e d  a t  a l a t e r  d a te  (No, 1  -H,
T ab le  No* 6 ) which had been a l lo w e d  to stand in  the n i t r a t e  
form f o r  a p p ro x im a te ly  two weeks b e fo r e  a n a l y s i s ,  was found to 
c on tain  2 , 1 1 # o f  f r e e  sulphur and a l s o  e x h i b i t e d  a s i m i l a r  
d i f f e r e n c e  between c h l o r i d e ,  uranium and c a l c u l a t e d  c a p a c i t i e s *
A d e p o s i t i o n  o f  sulphur a r i s i n g  from the decomposition o f  the 
t e t r a t h i o n r t e s  w i l l  o cc u r  i n s i d e  the r e s i n  p a r t i c l e  and i t  
ape ears  l i k e l y  t h a t  t h i s  substance w i l l  m e c h a n ic a l l y  h in d e r  or  
p r e v e n t  the d i f f u s i o n  o f  the c h l o r i d e  and u r a n y l  s u l p h a t e  anions  
to the innermost exchange groups* I t  can be a p p r e c i a t e d  t h a t  
t h i s  e f f e c t  w i l l  be more pronounced in  the c as e  o f  the l a r g e ,  
p r o b a b l y  h i g h l y  hydrated u r a n y l  su l p h a t e  complex, than i n  the 
c a s e  o f  the small r e l a t i v e l y  mobile c h l o r i d e  i o n .  Thus a 
p o s s i b l e  e x p la n a tio n  f o r  the d i f f e r e n c e  in  uranium, c h l o r i d e  
end the c a l c u l a t e d  c a p a c i t i e s  i s  p r o v id e d .  In support  o f  t h i s  
t h e o r y ,  i s  the f a c t  t h a t  the o p e r a t o r s  a t  the Western R e e fs  
P i l o t  P l a n t  observed a sudden d e t e r i o r a t i o n  o f  the r e s i n  a f t e r  
the ion exchange columns had been shut down f o r  a p e r i o d  o f  
two weeks, during which p e r i o d  the t e t r a t h l o n a t e  would have 
undergone decomposition accompanied by the p r e c i p i t a t i o n  o f  
sulphur and the consequent d e c r e a s e  in  c a p a c i t y *
A study o f  T able  No, 6  shows a slow but ste a d y  accumulation
;z o / . *. i><J Of sJj. „ «> « 0 »
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o f  c o b a l t !  c y a n id e  by the r e s i n s » During the work c a r r i e d  out  
on the i d e n t i f i c a t i o n  o f  the c o b o .lt ic y a n i d e „ i t  was app arent  
t h a t  t h i s  ion was s t r o n g l y  adsorbed, by the r e s i n ,  and. once 
adsorbed proved e x c e e d i n g l y  d i f f i c u l t  to remove. For t h i s  
reason i t  must be considered to be the most s e r i o u s  o f  the  
p o i s o n s .  In 80 c y c l e s  o p e r a t io n  a t  the Western R ee fs  i i l o t  
P l a n t ,  the ion exchange r e s i n s  hod accumulated 1 . 7 2 /  o f  c o b a l t .
I f  t h i s  r a t e  o f  a d s or b tion  i s  m aintained the r e s i n  can be ex­
p e cte d  to be c om p letely  poisoned a f t e r  3 0 0 - 3 5 0  c y c l e s .  In 
a c t u a l  p r a c t i c e  the columns would be inadequate to e x t r a c t  the 
uranium from the amount o f  pre g n a n t  s o l u t i o n  to be t r e a t e d  
l o n g  b e f o r e  t h i s  number o f  c y c l e s  had been completed. I t  was 
e s s e n t i a l , t h e r e f o r e ,  to obtain methods f o r  e i t h e r  e a s i l y  
removing the c o b a l t  from the r e s i n  o r ,  a l t e r n a t i v e l y ,  e l i m in a t i n g  
the c o b a l t ! c y a n i d e  from the p reg n an t  s o l u t i o n  to be t r e a t e d  in  
the exchange columns,
h o l y t h i o n a t e  p o is o n in g  may be c o n sid e r e d  as a l e s s  s e r i o u s  
m a t t e r .  I t  has been shown th a t  the t e t r a t h io n a t e  i s  p a r t i a l l y  
removed by n i t r i c  a c id  s o l u t i o n s ,  and t h a t  p a r t i a l  e l u t i o n  o f  
t h i s  anion w i l l  thus o c c u r  .during the normal uranium e l u t i o n .
This  undoubtedly e x p l a i n s  the s e l f - r e g e n ©ration e f f e c t s  observed  
w ith  the f i r s t  samples o f  the poisoned Western R e e f s  r e s i n ,
In t h i s  i n s t a n c e  the p o is o n in g  was a lm ost  e n t i r e l y  due to the 
p r e s e n c e  o f  the t e t r a t h i o n a t e  anion and c o l l o i d a l  su lp h u r .  On 
s u b j e c t i n g  t h i s  r e s i n  to a. f u r t h e r  1 1  e x t r a c t i o n  c y c l e s ,  an 
i n c r e a s e  in c a p a c i t y  from 32/. to r 6,1 was o b s e r v e d .
I t  was c o n s id e r e d ,  t h e r e f o r e ,  th a t  t h e . p r e s e n c e  o f  small  
amounts o f  p o l y t h i o n a t e  in  the pregn an t s o l u t i o n  would n ot  have 
the same d i s a s t r o u s  cum ulative  e f f e c t  as the c o b a l t ! c y a n id e .  
Moreover the r e g e n e r a t i o n  o f  r e s i n s  poisoned w ith  p o l y t h i o n a t e  
p r e s e n t s  no g r e a t  d i f f i c u l t y ,  both NaPS and NaOH bein g  cheap 
and e f f e c t i v e  r e g e n e r a n t s .
53/ {£} A STUDY--,
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( 6 ) A STUDY OP TYE POISONING 0 ?  THE ION EXCHANGE RESINS 
AT~lfEST:RAT?I) C0NS0L I t5ATED URANIUM F U H I ,
I n t r o d u c t i o n .
In J a n u a r y ,  1 9 5 3 ,  a sample o f  ’J e s t  Rand C o n s o lid a te d  
cyanide r e s id u e  was r e c e i v e d  f o r  experiments r e g a r d i n g  the e f f e c t  
o f  temperature on l e a c h i n g  e x t r a c t i o n .  This  sample was found 
to con tain  an a p p r e c i a b l e  amount o f  i m p u r i t i e s  such as t h i o ­
c y a n a t e s ,  r e s u l t i n g  from the p r e v i o u s  c y a n ! f l a t ! on treatm en t.
T h is  i n d i c a t e d  an in complete washing o f  the cyan ide  r e s i d u e  
and, In  view o f  the r e s u l t s  o f  the experiments on the p o is o n in g  
o f  the r e s i n s  a t  the Western R ee fs  P i l o t  P l a n t ,  i t  was c on sid e re d  
a d v i s a b l e  to a n a l y s e  t h i s  c y a n id e  r e s i d u e  f o r  c o b a l t ! c y a n i d e
a n io n s.
T his  a n a l y s i s  showed 'an e x c e s s i v e  amount o f  c o b a l t ! c y a n i d e  
to be p r e s e n t  and i n d i c a t e d  t h a t  the ion exchange r e s i n s  a t  
the West Rand C o n so lid a te d  P l a n t  were In a l l  p r o b a b i l i t y  
s e r i o u s l y  p o is on e d .
A c c o r d i n g l y ,  samples o f  these r e s i n s  were a n a l y s e d  acc o rd ­
i n g  to. the methods developed du rin g  thews tudy o f  the Western  
R e e f s  p o i s o n i n g .  As a n t i c i p a t e d  these samples c on tain ed  high  
percentages,  o f  c o b a l t  and p o l y t h l o n a t e s ,  and e x h i b i t e d  a con­
s i d e r a b l e  d e gree  o f  p o i s o n i n g .
Experim enta l  I-r oc edure s  and. n u l tsj
( a) A n a l y si s  o f  S o l u t i o n s .
Samples were taken o f  the g o ld  p reg n an t  cyanide s o l u t i o n ,  
the uranium pregn an t s o l u t i o n  and the r e c y c l e d  barren e l u t i n g  
s o l u t i o n .  These were a n aly s e d  f o r  c o b a l t ! c y a n i d e  w i t h  the 
f o l l o w i n g  r e s u l t s :
hold P regnant c yan id e  s o l u t i o n  -  3 . 8  mgms. Co/l i t r e  o r e s e n t
as j c 6 (CN)6J ! ‘ 8
Uranium P r e g n an t  s o l u t i o n  -  3 . 1 /m gm s.  Co/l i t r e  P r e s e n t
as jCo(CM)6 j 1 • *
R e c y lc e d  e l u t i n g  s o l u t i o n -  10
as
m fgm s . C q/  l i t r e  p r e s e n t  
Cq (CN)g ( 1 ! •
54/ (b) A n a l y s i s . . .
( b) A n a l y s i s  o f  R e s i n .
Samples o f  r e s i n  were r e c e i v e d  from each o f  the f o u r  s e t s  
o f  columns a t  the West Rand Consolidated. P l a n t ,  The r e s i n  from 
s e t  ( 1 )  was lonac and from the o t h e r  three s e t s ,  A m b e r l l te  
IR A .400o
The r e s i n s  were thoroughly  washed w ith  w a te r ,  t h e i r  
uranium and c h l o r i d e  c a p a c i t i e s  determined, and a n a l y s e d  f o r  
I m p u r i t i e s  w ith  the f o l l o w i n g  r e s u l t s :
An a 1 y s 1 s o f  R e s 1 n 3 ;
TABLE No, B 
I m p u r i t i e s  P r e s e n t
C o b a l t i c y a n i d e  
as Co
T e t r a t h l o n a t e  
as § SiOg Fe'{' + +
A s G4
| S e t  ( 1 )
|
1 , 5 9 / 0 , 3 5 / 7 , 4 9 / Trace T ra c e
| S e t  (2) 2 , 4 0 / 3 . 6 5 / 3 , 4 3 / n (1
S e t  (3) 0  c. 66/ 1  . 0 1 5 , 2 3 ; ; 5S U
S e t  (4) 2 . 0 8 / 2 . 3 0 /
. ______  .... _
5 . 8 3 / 58
TABLE NO, J l
Uranium and Chlo r i d e  Capacl t i e s
1
r~ - — - —  ■ ......— ~ r -
Uranium C a p a c i t y C h l o r id e  C a p a c i t y
| S e t ( 1 ) 7 1 . 4 /
j.
6 2 , 5 /
S e t ( 8 ) 47.0V' 1 .
| 4 6 , 5 /
S e t (3) 8 3 , 0 /  j 8 0 .. 0/
S e t
.. _
(4) 5 4 , 0 /  j
_ •_ _ _ L
5 3 , 5 /  j
C a p a c i t i e s  expressed as a P e r c e n t a g e  o f  the c o rre sp o n d in g  f r e s h  
r e s i n s  c a p a c i t y ,
'Ihe r e s i n s  In s e t s  (2) and (4) had. been in  use from tbs  
time P l a n t  o p e r a t io n  had commenced, w h i l e  the r e s i n s  from s e t s  
( 1 )  and (3)  had only  r e c e n t l y  been put  In to  o p e r a t io n .  I t  i s  
es tim a te d  th a t  s e t s  ( 2 )  and (4) had undergone 3 5  e x t r a c t i o n  c y c l e s
5 5 /  III s c u s e i o n , , . ,
55  -
Di s c u s s ion o f  R e s u l t s^
As in  the c a s e  o f  the Western R eefs  p o is o n in g  the 
t h e o r e t i c a l  c a p a c i t y  can be c a l c u l a t e d  from the a n a l y s i s  o f  
the r e s i n .
TABLE NO 1 0 .
C a l c u l a t e d. C a p a c i t i e s  of .West Rand C o n s o l id a t e d  Resina
C a l c u l a t e d * P o i s o n i n g  due to
TOTAL
Gao a c t  ty
j-Co(CN)6 j 8 4 1 S406 ,B C a l c , i? otmd
S e t  ( 1 ) 2 5 / 1  c 7 / 2 7 / 7 3 / 7 1 /
| S e t  ( 2 ) 3 5 / 1 5 , 8 / 5 1 / 4 9 / 4 7 /
S e t  (3 } 9 / 4 , 4 / 1 4 / 86/ 8 3 /
S e t  (4) 2 9 / 1 2 , 6/ 4 1 / 5 9 / 5 4 /
_ ____ -J
The e x t e n t  o f  any p o i s o n i n g  due to S 1 0 P cannot be 
a c c u r a t e l y  c a l c u l a t e d  s i n c e  the major p o r t i o n  o f  the s i l i c a  i s  
p r e s e n t  as i n s o l u b l e  SiOg adhering to the r e s i n .
I t  may be observed t h a t  the c a l c u l a t e d  c a p a c i t i e s  a g r e e  
r e a s o n a b l e  w e l l  w i t h  the e x p e r im e n t a l ly  determined c a p a c i t i e s .
I t  may, t h e r e f o r e ,  be accep te d t h a t  the c au se  o f  the p o is o n ­
i n g  o c c u r r i n g  a t  the West Rand C o n s o l id a t e d  P l a n t  i s  e x a c t l y  
s i m i l a r  to t h a t  o c c u r r i n g  a t  the Western R ee fs  P i l o t  P l a n t  and 
i-S cue? to the a d s o r b tio n  o f  c a b a l t i cyan ide  and p o l y t h i o n a t e  
anions by the r e s i n .
I t  was l a t e r  learned, t h a t  a t  the West Rand C o n s o lid a te d  
P l a n t  no washing ste p  had been provided a f t e r  c y a n ! d a t i oh 
and p r i o r  to the acid  uranium l e a c h .  The c y an id e  r e s i d u e s  were 
m erely  r i v e n  a barren cyan ide  l i q u o r  wash prior* to l e a c h i n g .
T h is  was undoubtedly the main c o n t r i b u t i n g  f a c t o r  to the excep­
t i o n a l  degree o f  p o is o n in g  o c c u r r i n g  on the West Rand C o n s o l i ­
dated ion exchange r e s i n s ,  s in c e  as a r e s u l t  o f  t h i s  procedure*  
both c o b a l t ! c y a n i d e  and t h io c y a n a t e  (which a r e  both formed-. ,
56/ during, o. .
-  56
d u r in g  the c y a n id a t lo n )  a re  In troduced i n to  the a c i d  uranium 
l e a c h ,  the l a t t e r  ion forming p o ly th lo n & te g  du rin g  the 
l e a c h i n g  procedure,,
57/ PART I I I
• -  5 7 - ~ 
r ART I I I
METHODS OF ELIMINATING- THE OOBALTICYANIDE 
AND POLYTHIOMATE T-QISONINO OF THE ION 
EXCHANGE R ESINS. ~  *
An i n v e s t i g a t i o n  was undertaken w ith  the o b j e c t  o f  
e v o l v i n g  a method whereby the p o is o n in g  o f  the ion exchange 
columns could be e l im in a t e d .  The i n v e s t i g a t i o n  was o r i g i n a l l y  
commenced on the Vies tern R e e fs  Ion exchange r e s i n s ,  but the 
a p p r e c i a t i o n  o f  the s e r i o u s  n a tu r e  o f  the p o is o n in g  a t  the west  
Rand C o n s o l id a t e d  R ia n t  immediately  focussed the a t t e n t i o n  o f  
many o th e r  i n v e s t i g a t o r s  on the problem o f  e l i m i n a t i n g  the 
poisons a t  t h i s  p l a n t .
There appeared to be two d i f f e r e n t  methods o f  approaching  
the problem. The f i r s t  was to develop cheap and e f f i c i e n t  
methods f o r  removing the p o is o n s  ( p a r t i c u l a r l y  the c o b a l t ! -  
cyan ide  anion) from the ion exchange r e s i n s .  T his  would 
enable the r e s i n s  to be regenerated,,  say  e v e r y  ten c y c l e s ,  and 
r e s t o r e d  to t h e i r  normal working c a p a c i t y ,  so t h a t  the accumu­
l a t i o n  o f  the p o is o n s  would never  re ach  the s t a g e  where i t  
would s e r i o u s l y  i n t e r f e r e  w ith  uranium e x t r a c t i o n „
The second was to p r o v id e  e f f i c i e n t  means o f  e l i m in a t i n g  
the poison b e f o r e  I t  came in to  c o n t a c t  w it h  the ion exchange 
r e s i n s ,
The l a t t e r  a l t e r n a t i v e  appeared to o f f e r  the most p r o ­
m isin g  l i n e  o f  i n v e s t i g a t i o n ,  but the p r o s p e c t  o f  having to 
d i s c a r d  a l a r g e  q u a n t i t y  o f  the a l r e a d y  poisoned r e s i n  at; the  
V;e s t  Rand C o n so lid ated  P l a n t ,  s t im u la t e d  r e s e a r c h  i n t o  the 
regen e r a t i on me t hods ,
1 o METHODS OF REGENERATING THE_POISONED R E SINS.
Although the methods o f  r e g e n e r a t i o n  a l r e a d y  developed,  
c o n s i s t i n g  of a 30,1 N&OH wash o r  a 5 /  N&qS wash, were s u i t a b l e
58/  f o r . . „
^
 
Co
 
R
EM
O
VE
FIG. No. 3
TEST C 4 I E F F E C T  OF NHaCNS  C O N C .O N C o  REMOVAL.
A. Co REMOVED IN B ra WASH
B. Co REMOVED IN NM4.CNS.
C. TO TAL C o  REMOVED.
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FIG, No,4.
TEST C.42. ELUTION OF Co WITH 3 5 7 . NH4 .CNS AT ROOM TEMP.
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f o r  removing the p o l y t h i o n a t e s , s i l i c a  and su lph u r,  these  
s o l u t i o n s  had hut l i t t l e  e f f e c t  on the c o b a l t ! c y a n i d e  p o i s o n i n g .
A tten t ion  was th e re fo re  d ir e c ted  to the removal o f  th is  
an ion » Experience obtained, in e a r l i e r  work showed that the 
on ly  prom ising l in e s  o f  In v e s t ig a t io n  were v a r ia t io n s  in  the
t h i o c y a n a t e  treatm ent p r e v i o u s l y  e s t a b l i s h e d .
The use o f  > o t  50;'  NH4 CNS was co n sid e r e d  n e i t h e r  p r a c t i c ­
a b l e  nor economico F ig u r e  Wo. 3  shows the e f f e c t  ox  the 
NH4 CNS c o n c e n tr a t io n  on the e l i m in a t i o n  o f  c o b a l t ! c y a n i d e  
under b o i l i n g  c o n d i t i o n s  and 1 6  hours c o n t a c t  time. ( T e s t  C 4 I J  
T h is  graph shows t h a t  i f  removals o f  Go e x c e ed in g  90,: a r e  to 
be o b ta in e d ,  the minimum c o n c e n tr a t io n  o f  NH4 CNS should be 20,*.
I f  . nore than 9 5 /  removal i s  to be o b ta in e d ,  a c o n c e n tr a t io n  o f  
3 5 /  i s  r e q u i r e d .  As observed p r e v i o u s l y ,  about 1 0 - 2 0 /  oi the 
c o b a l t  p r e s e n t  remained on the r e s i n  as a c o b a l t  t h io c y a n a t e  
complex, a f t e r  the NH4 CNS tre a tm e n t.  In the small s c a l e  t e s t s  
t h i s  was removed by o x i d a t i o n  o f  the CMS8 w it h  bromine. This  
procedure was o b v i o u s l y  not  p r a c t i c a b l e  on a l a r g e  s c a l e ,  but  
i t  was shown th a t  e f f i c i e n t  o x i d a t i o n  could be a c h ie v e d  by allowing  
the r e s i n  to stan d  in  5 0 /  n i t r i c  a c i d  in  the c o l d .
The e l u t i o n  o f  the poisoned r e s i n  in  a column w ith  c old  
NH4 CNS o n ly  produced a 2 2 /  removal o f  the c o o a l  c y an id e  pr~i-o.it.  
The e l u t i o n  curve i s  I l l u s t r a t e d  in  F i g u r e  No, 4 .  I t  was hoped 
t h a t  t h i s  proce du re  would b r i n g  about b e t t e r  removals  s in c e  
the used NH4 CNS i s  c o n t in u o u s l y  bein g  r e p l a c e d .  The e l u t i o n  
curve however,  shows th a t  a lth o u g h  f a i r l y  h ig h  c o n c e n t r a t i o n s  
o f  c o b a l t  are  encountered in the I n i t i a l  f r a c t i o n s  of the e l u a ^ ,  
t h i s  c o n c e n tr a t i o n  r a p i d l y  d r o p s .  By measuring the a r e a s  under 
t h i s  e l u t i o n  c u r v e  a t  d e f i n i t e  v o lu n e s ,  a sraph o f  the cum ulative  
p e r c e n t a g e  c o b a l t  e l u te d  a g a i n s t  the volume o f  e l u t i n g  s o l u t i o n ,  
can be o b ta in e d .  T h is  c u r v e  f l a t t e n s  out r a p i d l y  and i n d i c a t e s  
t h a t  the maximum amount o f  c o b a l t i c y a n i d e  t h a t  can be e l u te d  by
59/ r6i2.3on.i?,bl ca o o
re a s o n a b l e  amounts o f  NH4 CNS 1 b ap p ro x im a te ly  2 5 / *
E l u t i o n  o f  the r e s i n  in column form w ith  3 5 /  NH^CNS a t  
6 0 ° G* gave s l i g h t l y  h i g h e r  e x t r a c t i o n s ,  b u t  as shown in  
F i g u r e  ho. 5 ,  a maximum removal o f  a p p ro x im a te ly  4 5 /  was a l l  
t h a t  could be expected.  This temperature i s  recommended by the 
m anu factu rers  as b e i n g . t h e  maximum s a f e  temperature l i m i t .
I t  was noteworthy t h a t  in  the l a t t e r  two experim ents no 
mreen c o l o u r  o f  the c o b a l t  t h i o c y a n a t e  complex was observed  
on the r e s i n ,  as would be the c a s e  w ith  b o i l i n g  s o l u t i o n s .
Other v a r i a t i o n s  o f  the t h io c y a n a t e  r e g e n e r a t i o n  were  
attempted,  such a s  t h io c y a n a t e  in  o r g a n i c  s o l v e n t s  and t h i o ­
c y a n a te  in. a l k a l i n e  s o l u t i o n s .  These showed l i t t l e  promise  
as r e g e n e r a n t s .  The h i g h e s t  removal o b ta in e d  w ith ou t  the use  
o f  b o i l i n g  temperatures was e l u t i o n  w ith  5 0 /  KCN5 on the hydro­
x id e  form o f  the r e s i n ,  when 6 1 /  o f  the c o b a l t  was removed* 
( T a b le  No. 1 1 ) ,
I n v e s t i g a t i o n s  in to  a l a r g e  number o f  o th e r  e l u t i n g  
a g e n ts  such as
1 0 /  MaK'Qg in  a c e t i c  a c i d ,
5 /  NaOCl, fo l lo w e d  by 1 0 /  HgSO^
NaCN', f o l lo w e d  by MagS to form CMS on the r e s i n  *
N^ 4 ° 6  *
Zn d u s t in  NaOH.
D ll  * HC1 and Zn, 
yaOH and A 1 .
KMn04 in  d i l .  HgS04 ,
KKn04 in  a l k a l i n e  s o l u t i o n .
Aqua T?egia, 
iCpCrgO»j, in  r?p S04 ,
Cup r amm on i  urn TTyd ro x i  d e ,
C uprammonium Cyanid e.
Cone o NH4 OH.
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FIG. No. 5
TEST C o . ELUTION OF Co. WITH 351NH4.CNS. AT 6 0 °
A. °lo  Co. E L U T E D
B. Co IN EFFLUENT.
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FIG. No> 5 b .
APPARATUS FOR HOT NH4CNS E l UT fON
TABLE A,
REMOVAL OF COB JLIIGY.,NluE i 'L iOHRD R-.EXN BY l;K-»MS OF’ 
V JilATlONU OK TH.. 1 iJ ,TE ...ETHOD,
NO.
—
DESCRIPTION OK RESIN USED,
---------------------— — ,------ — --------—
DETAILS Or RwG .:.N iR .flON - - ‘RE TOTAL Co REMOVED RE. ...ARKS
1 . .Vestern Re3fs Poisoned Resin 
Containing 1.3&P Go. Resin Boiled with 50., w/v NHicA'or 1 hour. Allowed to stand overnight for hrs. at $0°C 
Boiled with Brg in HG1.
963 After NHtyCNb treatment, resin turned bright green, colour removed by Br? in HClc
2 c
&
western Roofs Poisoned Rosin 
Containing 1.72;, Co. Eluted with 35VJ NHhCIVS in the i. - 2 0 0  mls/gram resin.
2 2£ No green colour on resin after 
NHtyCNS treatment
3- ’.Vest orn Roofs Poisoned Rosin Containing 1.72<; Co.
•
Eluted with 3 5;j NHjiCNS at 6 C°v: 
- 2 0 0  mls/gram resin.
423 No green colour on resin after NHjjCNS treatment
4. '.vest Rand Cone. Rosin from 
Sot 2c 2.40;* Co. Resin Eluted with 5 0 , KCNS at 1 temperature. 2 0 0  ml/gram rosin . Followed 0 , HNOj.
2 % No green colour on resin after 
HH^CNS treatment
5* vest Rand Cons. Resin from Set 2. 2.40V,, Co. R.csin converted to (OH) 11 form.Jutod with 50;, KCNS* 100 ml/gram rosin, ilowed by 
20, HN0_ 
j
6 1;, No green colour on resin after NH^CNS treatment
6 . West Rand Cons. Rosin from Set 2. 2 „ 40, Co. Resin eluted with 5 0 ,, KCNS in > NaOH lOOml/gr.ara rosin. Followed by, HNO^ 395. No green colour on rosin after NH^CNS treatment
7< Vest Rand Cons, Rosin from Sot 2 o 2.40p Co. Resin eluted with Acotonc saturl with NKijCN8> 100 ml/gram resin, Fr.vod by 20, HN0-.' 2
5 1 Gj, Eluate coloured deep orange. Much organise matter present.
2 = .Vest Rand Cons. Resin from Sot,2. 2 ,bO,, Co, Resin eluted with Amyl Alcoholaturatod withNHijCNS. 1 0 0  ml/gram resin. I • ^/j
9* ■Vest Rand Cons. Rosin from Set 2. 2. kOp Co, Resin eluted ith Acetone cent vg yp NaOH,G,, Hg0 , saturated ith IIHI4.CNS. 1 ml/gram resin 
resin. Followed by 20;, HL’O- 35?»
Eluate coloured deep orange. 
Much organic matter present.
10. ".est Rand Cons. Reef n from 
Set 2 „ 2.4-0;, Co. Resin eluted with EtOH. Saturl 1th NH^CNS r.d 5V, NaOH. 100 ml/gram reel Followed by 
2 a, HNOj 130
—
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were c a r r i e d  out both a t  the Government M e t a l l u r g i c a l  L a b o r a to r y  
and C a l c i n e d  P rod u cts  ( F ty )  L t d . , but none of  th e s e  shoved' 'any  
promise as an e f f i c i e n t  means o f  e l i m i n a t i n g  the c o b a l t .
A s e a r c h  f o r  a cheaper regenerant; than the 5 0 $  NH4 CNS
i s  s t i l l  in  p r o g r e s s ,  but i t  must be adm itted t h a t  there i s
v e r y  l i t t l e ,  l i k e l i h o o d  o f  one b e in g  found, I t  i s  s i g n i f i c a n t
to note t h a t  in  a r e p o r t  i s s u e d  by the Chemical Research Lab-
1 TL
o r a t o r y  G re at  B r i t a i n ,  the a d s o r b t io n  o f  c o b a l t ! c y a n i d e  on 
A m b e r l i te  IRA*400 i s  d e s c r i b e d  in  connection w ith  the r e c o v e r y  
o f  go ld  u s in g  anion exchange r e s i n s .  I t  was found th a t  c o b a l t l -  
c y a n id e  could be removed from the r e s i n  c o m p le te ly  and e f f i c i e n t ! 3 
by means o f  2M KCNS in  the c o l d .  This  e l u t i o n ,  however, was 
c a r r i e d  out a lm ost  Immediately, a f t e r  a d s o r b tio n  had taken p l a c e .  
I t  appeared p r o b ab le  t h a t  the lo n g e r  the c o b a l t l c y an id e  was 
allowed to remain on the r e s i n ,  the more d i f f i c u l t  would be 
i t s  removal.
T h is  was confirmed in  an experiment i n  which A m b e r lite  
IR A .400 r e s i n  was loaded w ith  a s y n t h e t i c  s o l u t i o n  o f  c o b a l t l -  
c y a n id e .  Immediately a f t e r  a d s o r b tio n  a l l  the c o b a l t ! c y a n i d e  
on the r e s i n  could be removed w ith  3M KCNS, but  a f t e r  stan d in g  
f o r  th re e  months, only  86$  o f  the c o b a l t  p r e s e n t  could be removed 
w ith  the same r e a g e n t .  In t h i s  experiment, i t  was a l s o  observed  
t h a t  no green c o l o u r  o f  the c o b a l t  t h io c y a n a te  complex appeared  
on the r e s i n  i n  the former e l u t i o n ,  whereas in  the l a t t e r  the 
r e s i n  assumed a b r i l l i a n t  green c o l o u r  on the p a s s a g e  o f  the 
KCNS.
I t  ap p ears  p o s s i b l e ,  t h e r e f o r e ,  t h a t  the c o b a l t ! c y a n i d e  
anion undergoes some slow r e a c t i o n  whereby i t  becomes f i r m l y  
a t t a c h e d  to the r e s i n  and t h i s  f a c t  s u g g e s t s  t h a t  a s o l u t i o n  
to the problem o f  removing the c o b a l t ! c y a n i d e  w i l l  o n l y  be 
o b tain ed  a f t e r  a fundamental stud y i n t o  the r e a c t i o n s  o f  the 
c o b a l t l c y a n i d e  anion with  the exchange groups on the r e s i n  has 
b een.undertaken.
6 1 /  I n »
In o rd e r  to. make p r o v i s i o n  f o r  the immediate f u t u r e  i t  
was apparent  t h a t  the. e l im in a t io n  o f  the c o b a l t i c y a n i d e  subse­
quent; to i t s  adsorbti 'on on the r e s i n  was not  a p r a c t i c a b l e  
p r o p o s i t i o n  and t h a t  e v e r y  attempt should be made to e l im in a t e  
the c o b a l t i c y a n i d e  from the s o l u t i o n s  to be t r e a t e d ®
2 .  METHODS OF ELIMINATING- THE POISONS BEFORE COMING I NTO 
CONTAOT V.'ITH THE ION EXCHANGE. HESJn s T "
In view  o f  the d i f f i c u l t y  encountered in  removing the 
c o b a l t i  c y a n id e  anion from, the h m b e r l i t e  I R A . 400 r e s i n ,  e x p e r i ­
ments were undertaken to determine i f  i t  were p o s s i b l e  to 
e l i m in a t e  t h i s  anion b e f o r e  coming i n t o  c o n t a c t  w ith  the anion 
exchange colurans .
Most p ro m isin g  o f  the p o s s i b i l i t i e s  appeared to be the 
thorough washing o f  the cyanide r e s i d u e  p r i o r  to l e a c h i n g .
P r e l i m i n a r y  t e s t s  on the uncyanlded w este rn  R ee fs  ore  
'showed t h a t  the c o b a l t i  cyan ide  was d e f i n i t e l y  formed du rin g  the 
c y a n i d a t i o n  and th a t  the amount app earing  in  the uranium preg~  
n ant  s o l u t i o n  c o u ld  be s u b s t a n t i a l l y  reduced by thorough 
washing p r i o r  to l e a c h i n g .
In these t e s t s  500 gnu samples o f  the uncyanided ore were 
su b je c te d  to the normal c y a n i d a t i o n  treatm en t,  which was 
f o l l o w e d  by v a r i o u s  washing tre a t m e n t s .  The washed o r e  was 
then le a c h e d  w ith  s u l p h u r i c  a c i d  and KnOp, and the uranium 
p r e g n a n t  s o l u t i o n  passed, through a small column o f  r e s i n ®  The 
r e s i n  was- then ashed and a n a l y s e d  f o r  c o b a l t .  The r e s u l t s  o f  
these experim ents a r e  shown in  T ab le  No, 1 2 .
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TABLE NO , 1 2
EFFECT OF WASHI?'" ^  C' ■ ’ b m
RESIN.
DESCRIPTION OF WASHING TREATISE NT
No wash a f t e r  cyanide f i l t r a t i o n , ,
Cyanide r e s id u e  washed once w i t h  w a te r .
Cyanid e r e s i d u e  washed once w it h  w a te r ,  
re pulped to 50% s o l i d s  with  w a t e r ,  f i l t e r e d  
and washed, w ith  w a te r .
Cyanide r e s i d u e  washed w i t h  w a te r ,  reouloed  
to 50%  s o l i d s  w ith  0 . 1 1  HgSQi, f i l t e r e d  and 
washed w ith  0 . 1 ,2  FpS04 ,
Cyanide r e s i d u e  washed with  w a te r ,  re pulped  
to 50/2 solj ,ds w ith  barren s o l u t i o n ,  con tain-  
irig 0 , 1 %  f r e e  H2 SQ4 , f i l t e r e d  and washed 
w i t h  w a te r .
Co, adsorbed
on the r e s i n
0 • 071 mgm,
0 . 0 5 ? n
0 * 032 n
0 • Oil
l
n j
0 . 0 2 ? If
Although these r e s u l t s  showed th a t  the c a b a l t i c y a n i d e  
p o i s o n i n g  could be s u b s t a n t i a l l y  reduced by washing o f  the 
cyan ide  r e s i d u e ,  i t  was a p p r e c i a t e d  th a t  th ese  t e s t s  which were 
conducted on a l a b o r a t o r y  s c a l e  were o f  l i t t l e  use In a s s e s s i n g  
the p r a c t i c a b i l i t y  o f  washing as a method to e l i m in a t e  the 
c o b a l t i c y a n i d e  on the f u l l  s c a l e  p l a n t s .  I t  was obvious t h a t  
the amount o f  c o b a l t i c y a n i d e  produced du rin g  a s i n g l e  c y a n !d a t io n  
treatment was o n ly  a f r a c t i o n  o f  the t o t a l  amount c i r c u l a t i n g  
in  th«s r e c y c l e d  cyanide s o l u t i o n s  used in p l a n t  p r a c t i c e .  ' A l s o  
the washing e f f i c i e n c y  obtained u sin g  a Buchner s u c t io n  f i l t e r  
(a s  was the c a s e  in  the t o s t  d e s c r ib e d  above| c o u ld  be expected  
to b e vc o n s i d e r a b l y  h i g h e r  than t h a t  o b t a i n a b l e  on an O l i v e r  
f i l t e r .  I t  was recommended, t h e r e f o r e ,  t h a t  in  o rd e r  to o b tain  
more r e p r e s e n t a t i v e  r e s u l t s ,  washing t e s t s  s i m i l a r  to those  
described, above should be undertaken a t  the Western Reefs  P i l o t  
P l a n t ,  where c o n d it io n s  c l o s e l y  resem bling those to be encount-
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ered on the f u l l  s c a l e  p l a n t s  could he obtained.,
B e fore  these t e s t s  were undertaken, the ion exchange 
r e s i n s  on the f u l l  s c a l e  uranium plant, a t  w e s t  Rand. C o n s o l i ­
dated had been i n  o p e r a tio n  f o r  a p p ro x im a te ly  f o u r  months 
w ith o u t  any p r e c a u t i o n s  to e l i m in a t e  c o b a l t ! c y a n i d e  p o is o n in g  
b e in g  taken. The sudden r e a l i s a t i o n  o f  the s e r i o u s  n a tu r e  o f  
t h i s  type o f  poison brought about immediate concern r e g a r d in g  
the removal o f  the c o b a l t ! c y a n id e  anion. A t  the Western Rand 
C o n s o lid a te d  P l a n t  no p r o v i s i o n  had. been made f o r  washing the 
c y a n id e  r e s i d u e  p r i o r  to l e a c h i n g ,  and the i n s t a l l a t i o n  o f  
another  bank o f  O l i v e r  f i l t e r s  n e c e s s a r y  to c a r r y  out t h i s  
ste p  would have n e c e s s i t a t e d  major a l t e r a t i o n s  o f  the e x i s t i n g  
P l a n t  l a y o u t s  Thus a t t e n t i o n  was immediately  fo c u s e d  on o th er  
methods o f  e l i m i n a t i n g  the c o b a l t i cyan ide  anion.  To t h i s  end 
the o p e r a t io n a l  procedure a t  West Rand C o n s o lid a te d  was considered  
in  more d e t a i l , as a r e s u l t  o f  which another so u r ce  o f  cobal  t i -  
c yan id e  formation was encountered,,
Forma t i  on o f  Cobal t l  cyanide During the L e a c h in g Procedures 6 
A n a ly s e s  o f  the v a r i o u s  P l a n t  s o l u t i o n s  a t  West Rand 
C o n s o lid a te d  showed t h a t  more c o b a l t i c y a n i d e  was app earing in  
the uranium pregn an t  s o l u t i o n  than could be accounted f o r  by 
the amount remaining in  the c yan id e  r e s i d u e  p r i o r  to le aching,.  
T y p i c a l  a n a l y s e s  showed th a t ;
(a) The p reg n an t  s o l u t i o n  c on tain ed  20 m g m s / l i t r e  t o t a l  Co,
(b) The barren s o l u t i o n  a f t e r  p a s s a g e  through the columns
c on tain ed  1 0  m g m s / litre  t o t a l  Co, The d i f f e r e n c e  
between these two f i g u r e s  can be taken to r e p r e s e n t  the 
amount of c o b a l t  p r e s e n t  as the cobal  t i c y a n i d e ,  l« e «
1 0  mgms/ l i t r e ,
( c) The r e c y c l e d  gold b arren cyan ide  s o l u t i o n ,  w i t c h  was 
used as a f i n a l  wash on the r e s i d u e  p r i o r  to l e a c h i n g ,  con­
tained  only 4 mgms/l i t r e  .as cobal  t i c y a n i d e .
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I t  was thus apparent th a t  c o b a l t ! cyan ide  was bein g  formed 
d u rin g  the l e a c h i n g  p r o c e d u r e . On c o n s i d e r a t i o n  o f  the 
o p e r a t io n a l  proce du re  p r a c t i s e d  a t  t h i s  p l a n t ,  a p o s s i b l e  
so u r ce  o f  c o b a l t ! c y a n i d e  formation was considered, to be as  
f o l  lows:
A f t e r  the f i n a l  wash w ith  barren c y an id e  s o l u t i o n s b e fo re  
I C a c h l n g ,  the a l k a l i n e  r e s i d u e  ( c o n t a i n i n g  a c o n s i d e r a b l e  
amount o f  cyanide)  was repulped w ith  se con dary  f i l t r a t e .  T h is  
l a t t e r  s o l u t i o n  contain ed only  a small amount o f  f r e e  a c i d ,  
c e r t a i n l y  not  s u f f i c i e n t  to n e u t r a l i s e  the a l k a l i n i t y .  The 
r e s u l t i n g  s l u r r y  was pumped i n t o  the l e a c h i n g  p a c h u c as ,  w h i l s t  
a t  the same time an a d d it io n  o f  manganese d i o x i d e  was made.
The major p o r t i o n  o f  the manganese d i o x i d e  was o b tain ed
i i ‘om uifc p r e c i p i t a t i o n  and o x i d a t i o n  o f  the manganese su lo h a te  
in  the barren s o l u t i o n  from the p r e v i o u s  l e a c h . .  T h is  s o l u t io n  
con tain ed  c o n s i d e r a b l e  amounts o f  c a t i o n i c  c o b a l t  which wee 
pi e c i p i  ca ued as  a hydroxide du rin g  the manganese r e c o v e r y  Drew* 
c e s s  and thus appeared, in  the manganese d i o x i d e  s l u r r y  added 
to the p a c h u c as .  Thus, during the f i l l i n g  o f  the pachucas,  
i d e a l  c o n d i t i o n s  e x i s t e d  f o r  the formation o f  c o b a l t ! c y a n i d e  
by the r e a c t i o n  o f  the c o b a l t  h y d rox id e  p r e s e n t  in  the manganese 
s l u r r y  with  the r e s i d u a l  c y a n id e  remaining in  the residue,.
P r e v i o u s  t e s t s  had i n d i c a t e d  th a t  the formation o f  c o b a l t ! — 
c y a n id e  did n ot  o c c u r  in  a c i d  s o l u t i o n s  and i t  a;:peared l i k e l y  
fn at  th e r e  e x i s t e d  a c e r t a i n  pH v a l u e  above which c o b a l t ! c y a n i d e  
formation took p l a c e  and below which no such formation o c c u r r e d .
In ord e r  to confirm these s u p p o s i t i o n s ,  the f o l l o w i n g  
t e s t s  were c a r r i e d  out : ~
(a) A sample o f  the V/est Rand C o n s o l id a te d  c y an id e  r e s i d u e  
was th orou gh ly  washed w ith  w ate r  to remove a l l  t r a c e s  o f  c o b a l - ' 
t i c y a n i d e  a l r e a d y  p r e s e n t .  T h is  r e s i d u e  was then made i n t o  a 
pulp w it h  w a te r  and a small amount o f  NaCN (1- l b / ton) added.
To a p o r t i o n  o f  t h i s  pulp a manganese d i o x i d e  s l u r r y  c o n t a in in g
65/  C o . . . .
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Co (obtained from the w est  hand C o n s o l id a te d  P l a n t )  was added,
To the remaining p o r t i o n  f r e s h  ?Ql MnQg c o n t a in in g  no C o b alt  
was added and the two m ix tu re s  a g i t a t e d  f o r  1 5  minutes b e f o r e  
the r e q u i s i t e  a c id  a d d it io n  was made and the normal uranium ; 
l e a c h  c a r r i e d  o u t .
A n a l y s i s  o f  the - pregnant s o l u t i o n s  obtained, from these  
l e a c h e s  showed t h a t  the - former contained. 2 . 9 2  mgmss C o / 1 1  t r e  
as c o b a l t ! c y a n i d e  w h ile  the l a t t e r  contain ed no c o b a l t ! c y a n ! d e 0 
T his  t e s t  showed c o n c l u s i v e l y  t h a t  c o b a l t l c y a n i d e  can be formed 
from the c o b a l t  c on tain ed  i n  -the manganese d i o x i d e  s l u r r y  used  
on the p l a n t s .
(b) In o r d e r  to i n v e s t i g a t e  the pH c o n d it io n s  n e c e s s a r y  f o r  
the form ation o f  c o b a l t ! c y a n i d e ,  a s i m i l a r  . s e r i e s  o f  l e a c h e s  
was c a r r i e d  out i n  which d i f f e r e n t  amounts o f  the l e a c h i n g  
a c i d  were added to the c y a n id e  r e s i d u e  to p r o v i d e  a s l u r r y  a t  
d i f f e r e n t  pH values-.  .An e x ce ss  o f  sodium c y an id e  (4  l b /  ton) 
was added - to the washed c y an id e  r e s i d u e  -in o rd e r  to a c c e n t u a t e  
the c o b a l t l  cyan ide  fo rm ation .  The manganese d i o x i d e ,  c o n t a in in g  
c o b a l t ,  was o b ta in e d  from- the b e s t  Hand C o n s o l id a t e d  " p l a n t .  The 
d e ta i le d ,  experim ental  c o n d i t i o n s  are  shown i n  T a b l e  No*. 1 3 .  - 
I t  was found to be i m p o s s i b l e  to o b ta in  c o n s t a n t  pH 
v a l u e s  o v e r  the range 2 - 6 , l a r g e  v a r i a t i o n s  being observed  
d u r in g  a g i t a t i o n .  The r e s u l t s  show t h a t  c ote . l ' t lc y a n id e  formation  
reaches a maximum a t  a pH o f  6 . Above t h i s  v a lu e  the c o b a l t ! - -  
c y a n id e  formation drops - s t e a d i l y  u n t i l ,  a t  a pH o f  1 0 ,  i t  i s  
p r a c t i c a l l y  n e g l i g i b l e .  At a. pH v a lu e  o f  2 ,  a small amount, o f  
c o b a l t l c y a n i d e  was formed, but t h i s  formation can be r e a d i l y  
e x p l a i n e d ,  s i n c e  in these experiments the washed cyanide, r e s i d u e  
was a g i t a t e d  w it h  the c o m p a r a t iv e ly  c o n c e n tr a te d  cyan ide  
s o l u t i o n  -for  a p e r io d  o f  1  hour b e f o r e  the a d d i t i o n  o f  the MnQg 
s l u r r y  and adjustment o f  the pH. Under th ese  c o n d i t i o n s  i t .  i s  
alm ost  c e r t a i n -  t h a t  a small amount o f  c o b a l t l c y a n i d e  would be
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FIG No.6.
J !
FORMATION OF COBALTICYANIDE FROM COBALT 
IN THE MnOp_ SLURRY & CYANIDE RESIDUE AT
DIFFERENTpH VALUES.
FIG No.7
FORMATION OF COBALTICYANIDE IN MIXTURES OF 
COBALT SULPHATE & SODIUM CYANIDE AT DIFFERENT
formed due to the action  o f  the cyanide on the co b a lt  in  the 
o re .  The r e s u lts  are shown in  Tab le lO  and F igure No. 6 .
( e )  In o rder  to obta in  in form ation  o ve r  the pH range o f  2-6 
i t  was necessary to carry  out experiments on pure so lu t ion s  o f  
c o b a lt  su lphate. These so lu t ion s  were ad justed to various pH 
va lues by the a dd it ion s  o f  MgOF and HpSO^. Sodium cyanide, 
which had p re v io u s ly  been ad justed  to the same pH va lue, was 
then added. The combined - pH was then measured, the so lu t ion s  
a g ita te d  by means o f  a i r  b lowing end analysed f o r  d ob a lt ic ya n id e . 
The r e s u lts  are shown in  Table No. 14 and g r a p h ic a l ly  in  F igure 
No. ?.
These r e s u lts  show co n c lu s iv e ly  that co b a lt !c ya n id e  w i l l  
not form below a pH value o f  Ae0
Thus the formation o f  c o b a l t ! cyanide could be r e a d i ly  
e l im in a ted  by the add it ion  o f  the major p o r t ion  o f  the lea ch in g  
acid to the cyanide res idue b e fo re  any manganese d io x id e  s lu r ry  
was added and recommendations to th is  e f f e c t  were made to the 
West Hand Consolidated  P la n t .
This procedure was then adopted and r e s u lted  in  a la r g e  
decrease in  the amount o f  c a b a l t l cyanide appearing in  the 
pr egnant so lu t io n .
N everth e less  the co b a lt !c ya n id e  formed during the actual 
cyan !da t ion  o f  the ore s t i l l  p resen ted  a major problem and 
fu r th e r  tes ts  were c a r r ie d  out in  an attempt to remove th is  
onion from the pregnant so lu t io n .
CS) METHODS FOR ELIMINATING THE .C(BALTICYANIDE FORMED 
DimiHO THE C YAM I  DAT C ON phonETOimr'- ~  ' ’ ----;-----
Severa l a l t e rn a t iv e s  to the washing o f  the cyanide res idu e 
as a means o f  e l im in a t in g  the co b a lt ic ya n id e  were suggested } 
In v e s t ig a t io n s  were undertaken to study the p r a c t i c a b i l i t y  o f  
these methods a t  the b es t  Rand C onsolidated  P la n t  and Calc ined  
Products (P ty )  l im i t e d .  Although a l l  these in v e s t ig a t io n s  have
67/ no t
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not y e t  been completed, i t  i s  p o s s ib le  to g iv e  a b r i e f  comparison 
o f  the r e l a t i v e  advantages o f  these methods from the r e s u lts  o f  
p re l im in a ry  t e s ts  ca rr ied  out a t  the Government M e ta l lu rg ic a l  
Laboratory ,
E s s e n t ia l ly  however, the f i n a l  cho ice o f  the method used
w i l l  depend on economic cons idera t ions  and the p r a c t ic a l
d i f f i c u l t i e s  encountered a t  the d i f f e r e n t  p la n ts .  These are
v a r ia b le s  which are d i f f i c u l t  to study on a la b o ra to ry  sca le
and i t  became apparent that fu r th e r  in v e s t ig a t io n  would r e s u l t
in  d u p l ic a t in g  work that could be more e f f e c t i v e l y  c a r r ie d  out
on the P la n ts .*
1  o F -rec lp ita t lon  o f  the Cobal t lc y a nid e  as an I n so ln b le  K e ta l 
S a l t  by the add it ion  o f  c e r ta in  H e ta l3 during the Teach ing  
Precodure.
The c o b a l t ! cyanide anion forms in s o lu b le  s a l t s  w ith  most 
o f  the d iv a le n t  metals and c e r ta in  monovalent m eta ls , A des­
c r i p t i v e  rev iew  o f  the s o lu b i l i t i e s  o f  the various m e ta l l i c  
s a l t s  i s  g iven  by B.S. Evans and D,G„ H ig g s . ° ? These in v e s t i ­
ga to rs  s ta te  that the? manganese c o b a l t l  cyanide i s  in s o lu b le  in 
s trong  su lphuric ac id  s o lu t io n s .  In leach  s o lu t io n s ,  however, 
i t  has been found that as much as 10 mgme. o f  co b a lt  as CoCN6 ‘ M 
can be to le ra te d  w ithout p r e c io i  t a t i o n , although approxim ately  
2 gms, Mn++/ l i t r e  are p resen t, A rough ca lc u la t io n  o f  the 
s o lu b i l i t y  product o f  manganese co b a lt lc ya n id e  shows that under 
these cond it ions  an exceed ing ly  small s o lu b i l i t y  product i s  
ob ta ined .
Assuming the above f ig u r e s  o f  2.0 gms, K n / l i t r e  and 10 
mgrrts. C o / l i t r e ,  the fo l lo w in g 'c a lc u la t io n  o f  the s o lu b i l i t y
product can be mades
Mn3  J c o (CN)6 J 2^ Z = = ±  3I!n+ + + 2 C o {C N )g 3 8 *
Then S = (Mn++) 5 x (Co (CN) 6) 2 -
There (Mn' **) and (Go(CM)g) r e p r e s e n t  the molal-
s «  ( f g ) 3  x ( % 2 1 f l )2
-  718 x 1 0
W
-14
c on c en t r  a t i  on.
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T his  r e s u l t  i s  by no means i n c o n s i s t e n t  w it h  E v a n s 4 and 
Higgs * a s s e r t i o n .  Moreover i t  shows t h a t  in  ord er to reduce  
the c o n c e n tr a t i o n  o f  c o b a l t i c y a n l d e  to a p o i n t  where p o is o n in g  
can be n e g l e c t e d ,  a metal whose c o b a l t i c y a n l d e  has a s o l u b i l i t y  
p r o d u c t  f a r  below the above v a l u e ,  w i l l  have to be found„
The two most p ro m isin g  m etals  appear to be e i t h e r  s i l v e r  
o r  c o c o e r „ ^  The former can be excluded f o r  economic• re aso ns ®  
T able No* 1 5  shows the e f f e c t  o f  adding copper ions to 
the a c i d  uranium l e a c h  on the amount o f  c o b a l t i c y a n l d e  ap p e a rin g  
in  the o regn an t  s o l u t i o n . The ore used f o r  these t e s t s  was the 
unwashed cyan ide  r e s i d u e  from the West Rand C o n s o l id a te d  P l a n t ,  
and an atte m p t was made to reproduce p l a n t  c o n d i t i o n s  in  r e s p e c t  
o f  tem perature,  a g i t a t i o n  and f i l t r a t i o n .
The r e s u l t s  show th a t  the c o b a l t i c y a n l d e  c o n c e n tr a t io n  can 
be reduced to a v a l u e  o f  ap p ro x im a te ly  0 * 1  m.gms/litre by re a so n ­
a b le  a d d i t i o n s  o f  copper* This v a lu e  corresponds to an accumu­
l a t i o n  o f  0 ,0 5 1 '  o f  Co on the r e s i n  ev e ry  c y c l e ,  or  complete  
p o is o n in g  o f  an Am berlite  r e s i n  in 1 4 4  c y c l e s .  Thus, t h i s  
method cannot be c on sid e re d  to p r o v id e  a complete s o l u t i o n  to 
the problem and s u f f e r s  from the a d d i t i o n a l  d i s a d v a n ta g e  o f  the 
expense o f  the copper added, or a l t e r n a t i v e l y  the expense and 
t r o u b l e  i n c u r r e d  in  i t s  r e c o v e r y , presuming t h i s  i s  p o s s i b l e .
2 .  The I n s t a l l a t lo n  o f  a G-uard Column to Remove the Coba l t h ­
ey sn id e  B e fo r e  Reaching the Main Ura n ium Ex'irTctTon^ olunns.
This  a l t e r n a t i v e  i s  bein g  i n v e s t i g a t e d  a t  C a l c i n e d
P r od u cts  (P ty )  L im ite d .
I t  has been found th a t  a weak base anion exchange r e s i n  
I s  c ap a b le  o f  ad s o r b in g  c o b a l t i c y a n l d e  from s y n t h e t i c  s o l u t i o n s  
o f  t h i s  anion,  and i t s  subsequent removal from the r e s i n  can 
be r e a d i l y  ach ie v e d  by e l u t i o n  w i t h  the s o l u t i o n  o f  ammonium 
hydroxide and ammonium n i t r a t e ,
P r o v id e d  a s i m i l a r  a d s o r b tio n  o f  c o b a l t i c y a n l d e  w i l l  take
69/ p l a c e . . , . .
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p l a c e  from the pregn an t s o l u t i o n ,  t h i s  method app ears  to oii .er  
a p o s s i b l e  s o l u t i o n  to the problem,
3 , The Remo v a l  o f C o b a l t l c y a n i de Anions From the Recyc l e d  
B a r r e n Cyanid e  S o l u t i o n s .
This  a l t e r n a t i v e  i s  under i n v e s t i g a t i o n  a t  the V.'est' Rand 
C o n s o lid a te d  Plan t
A r e p o r t  I s s u e d  by the Chemical Research L a b o r a t o r y ,
T ed d ingto n , has shown th a t  the c o b a l t ! c y an id e  anion can be 
e f f e c t i v e l y  removed from the r e c y c l e d  barren cyanide s o l u t i o n  
by means o f  A m b e r lite  IRA.dOO1 5 0 *1 5 !  I t  i s  app arent  th a t  the 
amount o f  c o b a l t ! c y a n i d e  formed during each cye.nldot!on p roce­
dure I s  small  compared w i t h  the t o t a l  amount o f  cobr.lt i c yan id e  . 
c i r c u l a t i n g  in  the barren c yan id e  s o l u t i o n s ®  Thus, i f  the 
c o b a l t i c y a n i d e  formed can be removed b e f o r e  the barren c y an id e  
s o l u t i o n  i s  r e c y c l e d  and used f o r  subsequent c y a n i d a t i o n s „ 
or f o r  washing the c y a n id e  r e s i d u e  p r i o r  to l e a c h i n g ,  the 
c o b a l t i  c y an id e  app earing in  the pregn an t s o l u t i o n  from t h i s  
source can be v i r t u a l l y  e l im in a te d ®  T h is  method w i l l . ,  o f  c o u r s e ,  
o n l y  p r o v id e  o s o l u t i o n  i f  used in  con ju n ctio n  w i t h  the recom­
mendations g iv e n  p r e v i o u s l y  r e g a r d i n g  the a d d it io n  o f  the 
manganese d i o x i d e  s l u r r y  d uring the l e a c h i n g  p r o ce d u re ,
rnhe method appears to s u f f e r  from the f o l l o w i n g  d i s -  
advan tagest
1 , The removal o f  the c o b a l t i  c yan id e  from the r e s i n  w i l l  p r e s e n t  
a major d i f f i c u l t y .  I t  i s  p o s s i b l e ,  t h a t ,  provided,  the th io­
c y a n a te  e l u t i o n  i s  c a r r i e d  out b e f o r e  the c o b a l t i c yan id e  has 
aged 'o n the r e s i n ,  i t  w i l l  not be n e c e s s a r y  to use hot con­
c e n t r a t e d  s o l u t i o n s  o f  t h i s  r e a g e n t ,
2 . T^e s tr o n g  base .onion exchange r e s i n  w i l l  remove v i r t u a l l y
a l l  the exce ss  c y a n id e  i o n s  i n  the barren s o l u t i o n  which  
p a r t i a l l y  o b v i a t e s  the a d van tage s  obtained in  r e c y c l i n g  t h i s  
s o l u t i o n , ' '
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4* The Thorough Washing o f  t h e C y anide R e s i d u e _p r i o r  to the 
Uranium L e a c h ,
The washing o f  the cyan ide  r e s i d u e  as a means o f  el im in­
a t i n g  the c o b a l t ! c y a n i d e  anion,  although not  im mediately  p r a c ­
t i c a l  a t  the West Hand C o n s o l id a t e d  l - l a n t ,  o f f e r s  the f o l l o w i n g  
ad van fcages;
1 ,  Water f o r  r e p u l p i n g  and washing i s  the c h e a p e s t  r e a g e n t
a v a i l a b l e .  I t  i s  admitted th a t  such a p r o c e s s  would 
r e q u i r e  the d i s p o s a l  by the Nines concerned, o f  a l a r g e  
volume o f  w a te r  c o n t a in in g  t r a c e s  o f  cyanide.-  I t  i s  
c o n s id e r e d ,  however, t h a t  the removal o f  this,  cyan ide  
would not cause undue t r o u b l e ,  in which c as e  the w a te r  
could then be used - fo r  o t h e r  p u rp o s es.
2 .  The washing o f  the ore not only  removes c o b a l t ! cyan ide  but
a l s o  t h i o c y a n a t e ,  which has been shown to form p o l y t h l o -  
n a t e s ,  a troublesome, but not s e r i o u s  type o f  p o i s o n i n g .  
5*> During the washing r e s i d u a l  cyan ide  io n s  w i l l  a l s o  be  
removed thus g r e a t l y  re d u c in g  the p o s s i b i l i t y  o f  the 
form ation o f  the c o b a l t ! c y a n i d e  du rin g  t h e 1 f i l l i n g  o f  
the oachucas  and the a d d i t i o n  o f  the Nn0o s l u r r y  f o r  
th e uran1 urn l e a c h .
4 .  The adi t i o n a l  i n s t a l l a t i o n s  f o r  f i l t r a t i o n  would not be.
e x c e s s i v e .  A cid  p r o o f  f i l t e r s  would n ot  be r e q u ir e d  and 
the f i l t r a t i o n  r a t e s  would be as high  as w ith  the un­
washed c y an id e  r e s i d u e .
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DETAILED EXPERIMENTAL C QNPITtONS 
AND RESULTS«
Tests  Cl ~ C38
A ttempts to Obtain C o b a lt  Ad sortition on. Anion Exchr- nge 
Re s in s  by the A d d it ion  of  Coirvoiexlng Agents  to the •
1  rego?.nt Lo 1  u 1 1  on „
The p r e g n a n t  s o l u t i o n  used f o r  these t e s t s  was obtain ed  
from the T e s t e r n  B e e f s  I - l l o t  r i a n t  and was produced by t h e i r  
normal uranium l e a c h .  I t  contain ed 3 0 , 1  mgms/l i t r e  t o t a l  
c ob a lt«
The v a r i o u s  com pleting compounds were added to t h i s  
p reg n an t  s o l u t i o n  which was then e i t h e r  s t i r r e d  w it h  aporox™ 
i n c t e l y  2  gms o f  r e s i n  o r  p assed  through a small column o f  
r e s i n .  A f t e r  ap p ro x im a te ly  1G  hours c o n t a c t  time t h e ' r e s i n  
and the s o l u t i o n  were se p arated  and. each a n a ly s e d  f o r  c o b a l t *
The compounds added and the r e s u l t s  o b tain ed  a re  g iv e n  
in  T able Go. 1 6 .
Test C50*
Removal of  C o b a l t  ml th NaOBr*
Approxim ately  3 gms o f  bestern  Beefs poisoned res in
r e r e  b o i le d  in  1 0 0  mis,  NaODr { made by d i s s o l v i n g  1 0  nls.,  B r0
in lo o  n l s .  1 5 /  Me Or! and adding HC1. .until  the deeo red. c o l o u r
o f  f r e e  bromine .lust a p p eare d .)  The r e s i n  was f i l t e r e d  off,.
’-’.ashed and an alys e d  f o r  c o b a l t .  The f i l t r a t e ,  to g e th e r  with
the washes was a l s o  analysed f o r  c o b a l t .
O r i g i n a l  h e i g h t  o f  Besln = 1 . 9 1  gms dry RMQ^
o
O r i g i n a l  /  c o b a l t  1 . 2 6
O r i g i n a l  /  sulphur :« 9 . 0
A f t e r  Tre.; t ment:
F i n a l  w e ig h t  o f  r e s i n  = 1 . 9 2  gms, dry RM0„ 
F i n a l  /  c o b a l t  ' » 1 * 2 7
I n a l  /  sulphur “  M il ,  ( E g chlta ' s  me th o d )
7 2 /  T o t a l . . .
Total veirht of Co in washed * 1 = 3 mgms
. t C o  removed 0 = 91376'
X 100
T e s t C 31 =
Removal of Coba l t  with HF
A-oproxi mately 2 gras of poisoned resin were fumed with 
25 ml 40/u HF for two hours. The residue was washed with water 
and eluted with 100 mis, 2 N HG1.
Original ' V/t. of resin =-* 1.91 gms dry RNOto
Original a Cobalt = 1.36
Original 7 0i0o -  219.8
After Treatments
Final V;t. of resin »  1,81 gm s dry RM03
Final p Cobalt = 1.17
Final /■ S102
1 Q, * = Co removed ±~w*.
13 >6
N il
x 100 - 14 „QyZ
Test C32.
Removal of  Coba lt with NaCN
Aworoxima'tely 2 gns of poisoned resin were st irred  with 
200 mis 10$ Na.CM solution. The resin was f i l t e r e d ,  washed and 
analysed for  Cobalt;
Original a Co = 1.36
f • f  i
Final 7 Co = l ,  14
, • , Co removed 6r*i x 100 »  14, 5,6
Test C35 =
Removal of Cobalt with cold 50;' NH^GNS
/ . ) ,
Approximately 2 gnvs of  poisoned resin vtebe Stirred/with  
200 miso 50)6 NT?4CNS solution fo r  eight hours. The resin was 
f i l t e r e d ,  washed and analysed for  cobalt.
Original % Co -  1,36
Final % Co =1=02
T  AB L  i£  N O .  1 6 .
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Test  C54 . .
Removal o f  Coba l t  w i t h h o t
Approximately 1  gm o f  poisoned re s in  was b o i le d  f o r  one 
hour w ith  50/. NH^CNS, then a llow ed  to stand on a hot p la t e  
fo r  16 hours» The res in  which had assumed a green co lou r, was 
then f i l t e r e d  o f f  and washed4 The combined f i l t r a t e  and wash­
ings were analysed f o r  c o b a lt .  The re s in  was then b o i le d  w ith 
10/' Brg in  MCI f o r  one hour, f i l t e r e d  and washed,, The f i l t r a t e  
and washings were analysed fo r  c o b a lt .  The re s in  was ashed and 
analysed f o r  c o b a lt .
O r ig in a l  V/t. o f  Co p resen t on re s in ~ 13.0 ingms.
i t .  Co In MH^CNS so lu t ion  & washes ~ 10.5 mgms«. (81;')
o f .  Co in  Mrg so lu t ion  end washes *  2.3 mgns. (ia;,')
T o ta l  Co removed 1 2 ® 8 rnwms. ( 9  m
Co remaining on r e s in . = ?race
T es t  C35
qual i t a t i v e . Testa on the MH„CNS E x tra c t  Obtained
u r  c m : : 1 ..— ..  — -
ia )  The Nf^CNS e x t r a c t  was b o i le d  w ith  NagCO^ w h ile  bubbling 
GOg through the so lu t io n . The masses evolved were oassefi 
through a so lu t ion  of AgN-Ojj» ( A t e s t  f o r  CM® in  the presence 
o f  CMS3)
A s l i g h t ,  but In co n c lu s iv e ,  c loud iness was observed in 
the AgNOjj so lu t io n ,
(b )  On c a r e fu l l y  d es troy ing  the CMS® by the a d d it ion  o f  small 
amounts o f  cone. HMOg, fo l lo w ed  by repeated evaporations to 
dryness, a pink p r e c ip i t a t e  was observed to remain in  the 
s o lu t io n .  On f i l t e r i n g  o f f  th is  p r e c ip i t a t e ,  washing and 
shaking i t  w ith  water con ta in ing  a. small amount o f  NH.0H 
and bubbling HgS through the suspension, the pink p r e c ip i t a t e  
was rep laced  byablack p r e c ip i t a t e  o f  CoS,, A f t e r  f i l t r a t i o n
74/ and . . .  . .
and fuming v i t h  HgSO both the f i l t r a t e  and the p r e c ip i t a t e  
pave p o s i t i v e  te s te  fo r  Co in approxim ately  equal amounts.
These .results in d ica te  that the pinlc p r e c ip i t a t e  i s  a co b a lt  
c o b a lt !c ya n id e .  On the passage o f  TT0S the cob a lt  i s  p r e c ip i t a ­
ted as a su lph ide l i b e r a t in g  c a b a lt ic y e n ic  ac id , vh ich  i s  
decomposed on fuming v i t h
Co3 | Co (CM) 6 | £ ,fr 3 3 " s > 3 CoS + 2 j c o ( C N ) 6 J ' ,J 
and
6U+ + 2 [co (G N )6j + BTgSO4 ■+ 13 KoO
«  2Co304 + 6(MH4 ) 2 .S04 + 11C0 + G0o
(c )  On adding excess AgNG^ to a p o r t ion  o f  the th iocyanate 
e x t ra c t ,  a copious v h i t e  p r e c ip i t a t e  (m ain ly  AgCNS) i s  ob ta ined . 
This p r e c ip i t a t e  was f i l t e r e d  and vanned and the AgCNS destroyed  
by b o i l in g  HNOg. A f t e r  repeated add it ion s  o f  HXU a small 
amount, o f  the v h i t e  p r e c ip i t a t e  remained und isso lved . This 
p r e c ip i t a t e  was found to be so lu b le  in cone. NH4oH. On fuming 
th is  p r e c ip i t a t e  v i t h  HoS0/ i t  d is s o lv e d  and on d i lu t io n  gave 
a p o s i t i v e  t e s t  f o r  Co. These observations in d ic a te  the 
form ation  o f  Co (CN) , a v h i t e  p r e c ip i t a t e  so lu b le  in
MH^ OH but in s o lu b le  in  - " 03 ,
Tes t  C36e
In c reased N itrogen  Content o f  the . l o t s oned hes in s .
3 ix  1  gram samples o f  f i n e l y  crushed poisoned, r e s in  
ve re  ve lghed out and on three o f  these the t o ta l  n itrogen  
determined by K J e ld a h l 's  method. The remaining nannies ve re  
trea ted  v i t h  NH4 CNS as described  in  T es t  034 and again analysed 
for* t o t a l  n it ro g en .  The f o l l o v ln g  r e s u lts  in t r i p l i c a t e  
a n a ly s is  v e re  obtained:
75/ O r ig in a l . . . .
75 -
A B C
O r ig in a l  To ta l  N itrogen  in  
m i l l i e p u lv a l  ents/gram 4.26 4,25 4,37
F ina l T o ta l N itrogen  In 
m i l l i  equivalents/gram 2 . 8 8 2.91 2 . 8 8
Co removed In NH4CNS ngms/gm 1 0 . 2 10.3 10.4
Co removed In Br0 washes ngms/gm 2,4 2 . 1 2 3
T o ta l  Co removed mgms/gn 1 2 . 6 12,4 13.5
^ I l l i n o i s  Co removed 0,214 0 . 2 1 0 0. 225
Drop in T o ta l Nitromen in 
m l l l i  eoui va len  ts 1.38 1.35 1.49
M i l l l e a u iv a le n t s  M decrease
■ 6.44 6,42 6.60R atio  m i l l lm o ls  Co removed
Test C37
q u a l i t a t i v e  Tests on the IN T’N0.i E luates from
Eastern Reefs io ls o n ed  R es in „
A p o rt ion  o f  the e lu a te  was n eu tra l is ed  w ith  NagCQg 
(n eu tra l  so lu t io n )
(a ) Neu tra l Soln. + KOH No p r e c ip i t a t e .
(b ) Neutra l Coin. + D l l  HC1 No p r e c ip i t a t e .
(c ) Acid  Coin. + AgNOs Y e llow  p r e c ip i t a t e  r a p id ly  
turning b lack
(a) Neutra l Soln . + Ammonlacal -  
AgN03
No co lour in co ld  but black 
co lou ra t ion  on warming.
(e ) N eu tra l Soln , + HgNOg Ye llow  p r e c ip i t a t e  .
( f ) Neutra l Soln , + H™C10 Y e llow  p r e c ip i t a t e  on warming.
(g ) Neutra l Soln, + K!'n04 Immediate deco lou ra t ion  in 
co ld ,
The above rea c t ion s  are those - 1  ven by p o ly th io n a tc s .  
T e s t  C58.
Ana lys is  o f  Poisoned Resins f o r  lo ly th lo n a te s  
by Reaction wl th'~ Na^so l
The sample o f  poisoned re s in  was reac ted  w ith  50 mis, o f  
a 4 N NagSOg so lu t ion  made Just a lk a l in e  to phenolphthaleln  
w ith  MaOH and saturated w ith  Na2 S04 . The o b je c t  o f  the NaoS0j
76/ added ,. . . .
76
added i s  to ob ta in  a so lu t ion  o f  high an ion ic  s tren g th  to
d isp la ce  the rea c t ion  products from the r e s in .  A f t e r  removing
the re s in  the excess SQg!i  was rendered in a c t iv e  by the
add it ion  o f  5 mis o f  40,.' formaldehyde so lu t ion  and the so lu t ion
made ac id  w ith  20 mis. 1 0 ,.' a c e t ic  acid and t i t r a t e d  im mediately 
N
w ith  2*Q~lodlne so lu t ion  to the starch  end p o in t .
The r e s in  used contained 7.5,.' sulphur.
The r e s u lt s  are shown in  Tab le  No. 1? b e lo w . -
. TABLE MO, 17 .
ANALYSIS FOB POLYTHIONATES WITH S03 9 9 SOLUTIONS
Reaction Conditions T i t r e  in  mis. 0,1 N Ip  Soln/gm. o f  r e s in .
A Resin s t i r r e d  w ith  50 mis S03 SI
Soln, in  cold f o r  1  hour 8,65 mis.
B Resin s t i r r e d  w ith  50 mis S03 1 9
Sain, in  co ld  f o r  16 hours. 9 , 8 mis.
C Resin in  column eluted w ith  50 mis
co ld  SO g 'so ln . 1 1 . 2  mis.
D Resin b o i le d  w ith  50 mis SO, , * 8 1 0 . 8 ) mean
Sain , f o r  1 hour. 0 11.7) 11 .2  mis.
E Resin b o i le d  w ith  50 mis SO.,' 8 1 0 .9 ) mean
Soln . f o r  2 hours. 11.3 ) 11,1 mis.
The genera l equations f o r  the rea c t io n s  o f  p o ly th ion a tes  
w ith  su lph ites  i s  as f o l l o w s : -
SnO g" * (n -  '3) S03 !| a = S3 06 « * + (n -  5) S20s j s
(n -  3) S203 »9 + i 2 s s40 6 89 + (n -  3 } I  •
’•/hence the sulphur on the re s in  is  g iven  by
;.S = 0,52 n . t 
win -"157
Where n -  No o f  sulphur atoms in  p o ly th io n a te  S Qr
n
t s T i t r e  in mis. o f  0 , 1  N I g  S o lu t ion , 
w »  V/t. o f  r e s in .
Assuming a l l  the sulphur to be p resen t as a po ly th ion a te ,
77/ the
the va lue o f  n can he ca lcu la ted  from
7.5 x 1
n *- 3  ^ 0,32 x t
For the 5. va lues g iven  above the fo l lo w in g  va lues o f  n 
are obta ined  j -
A - n ss 4 ,8
B - n = 5.2
c n = 5.6
D - n s 5.6
E - n — 5.6
T e s t  C39c
Anal y s i s  o f  Po isoned Resins f o r  P o ly th lo n a te s 
by Reaction  "with NaOH
Approxim ately  2 gms„ o f  poisoned r e s in  con ta in ing  7 .5/ 
sulphur were elu ted w ith  10/ NaOH u n t i l  no fu r th e r  So03  was 
d e tec ted  in  the e lu a te .  This e lu e te  was a c id i f i e d  w ith  1 0 / 
-*2 ‘"’^4 >  ^ 40/ formaldehyde added and the s o lu tio n  t i t r a t e d
with N/10 lodin e.
"'he reactions ta ■clng place are : -
S6°6 5’ OH S5O6" + S - A
23506 * 5 + 60H' = 5S203 1• * 3Ho0 -  B
4S4 06 1 ! 4, 60H ) ~ 5S203 *8 + 25306 ’ 8 + 3H20 -  G
23306 5 J + 60H * = 4S03 88 + SgOg8 8 + 3” g0 -  D
and combining equations C and D
23406 !!  -5- 6GH8 »  3S203 9 8 + 2S03 4 * + 3H20 -  E
Thus in the case o f  the ;
Hexa th lonate
S6 ° 6 * 1 2  gn. a tons S g iv e  5 g;‘m. mols. 0
1- en ta th lona te S5 °6 ‘, 1 0  *' (9 tl !! 5 « ti (I
T e tra th lon a te S4 O6 ,, 8 » it (9 3 it ii IS
Thus the % S can be ca lcu la ted  from
For Hexathlonates 
For i-en tath lonates 
For T e tra th lon a tes
% 3 = JL x 0,767 
% 3 = - L  x 0,64 
% 3 = ™  x 0 o 853
70/ O f . . . .
78 ~
Of these formulae on ly  the l a t t e r  p rov ided  agreement 
between the t o ta l  sulphur p resen t on the res in  and the p o ly -  
th ionate  as shown in  the fo l lo w in g  ta b le .
TABUS MO. 16o
ANALYSTS OF BASIN FOB i-OLYT’ vI OMATSS 
l i t :-: MaOTT SOLUTION
~ ~ ..... -* .... . '
Weight o f  
Resin
T o ta l mis. N/19 I 0 
so lu t ion  reoulre&~
/L 3 on ros in  
as o40 6
1
T o ta l  3 
on re s in
2.45 2 1 . 1 7.32 7.50
2.90 24.8 7.29 7.50
1.63 14.1 7.35 7,50
Test C40
T o ta l Regeneration Obtainab le  on V/estern Reefs 
Poisoned Re sine
Approximately 2 grits o f  poisoned res in  were } -  
Ca) Fumed w ith  HF to remove a l l  the 310p
(b ) B o iled  w ith  35/J NH^CNS to remove most o f  the Co
(c )  B o iled  w ith  Brg in  KC1 to remove the remaining Co and
a l l  the sulphur.
(d ) B o i led  in water to remove a l l  the excess Bromine.
The ch lo r id e  capac ity  o f  the re s in  was then determined. 
O r ig in a l  Poisoned Resin.
Wt. o f  re s in  «  2 . 6 6  gms.
% Co = 1.72
% Ql0o «  5 „ 9
% S «  7 „23
Cl capac ity  = 2.02 m ill lequ lva len ts/gm  (56/^
O r ig in a l  Co presen t »  45 ,.6 mgms.
Co in  'NH4CNS ^ 29.8 !*
Co in ^vo wash «  14.5 11
T o ta l Co removed a 44.3 " (97,.')
A l l  S and 31Qg removed.
f i n a l  Cl capac ity  ~ 3.75 m lllequ lva len ts/gm . (104,?)
79/ Tost, C41,
Test C41
E f f  ec t  o f  NH^CNS Concentretlon  on the Removal 
o f  Cobalt from I-olsoned Resins
S ix  1 gram samples o f  Western Reefs poisoned -resin 
con ta in ing  1 . 3;: o f  c o b a lt  were b o i led  w ith  d i f f e r e n t  concen^ 
t ra t lo n s  o f  NH4CN3 fo r  1 hour, and then a llowed to stand on a 
hot p la t e  f o r  16 hours. The NH^CNS so lu t ion  was then f i l t e r e d ,  
o f f ,  the re s in  washed and the so lu t ion  and the washes analysed 
f o r  c o b a lt .  The r e s in s  were then b o i le d  w ith  Br£ and. NCI and 
the co b a lt  removed by th is  treatment determined by a n a ly s is  o f  
the Br9 f i l t r a t e .
The r e s u lt s  are shown in  Table No 19 and g r a p h ic a l ly  in  
F’i'rure No. 3.
TABLE NO. 19.
S'EECT OF NH4 CNS CONCENTRATION ON 
COBALT RENOVAL
COBALT REI'OVED IN
Cone
o f
nh4cms
Vol „ 
o f
NH4CN3
NH4CNS Br0 wash To ta l
V t, - 
mgms
f t /
removed
v:t.
ra^ ms
/w
removed
V t,
mgms
/v
removec
10/:' 100 ml 8.88 68,4 0,98 7,5 9.86 75
20,: n « 10.12 78 1.80 13.8 11.92 91.6
so,; 1 IS 10.48 80.5 1.76 13.5 12.24 94.1
4o,: a 11 10.56 81.2 2.12 16.3 12.68 97,4
so;' 11 it 10.52 81.1 2,32 17.8 12.84 98.8
5o;: 5 fl 7,44 57.8 2.52 19.4 9.96 70,7
Tes t  C42,
E lu t ion  o f  Poisoned Resin in  a Column VI th 55',: 
NH^CNS a t  Room Temperature
P .25 grams o f  poisoned western Reefs  r e s in  con ta in ing  
1.36>Co were p laced  in a column and e lu ted  w ith  35;;' NH^CNS 
a t  room temperature s-
80/ C ro s s . . .
Cross s e c t io n a l  area o f  Column * 0.89 s q 6 cms.
Resin valuing »  19i 2 n ls .
Resin h e igh t 
Flow ra te
= 2 1 - 6  cns.
= 0,75 nls/minute.
TABLE NO 20.
ELUTION OF RESIN 1 'ITH 65/ NH^CNS
Vol Throughput 
in  mis.
V o l.  o f  Sample 
In  n ls .
Co in  sample 
gms/ 1 1  t r e
24.5 24,5 0.223
49,0 24 e 5 0.157
72.0 23.0 0,086
145.9 23,9 0,041
229.4 23,5 0.028
322.0 24.1 0 .0 2 0
413,0 30,0 0,015
813.0 400 0 . 0 1 2
836.0 23,0 0.004
These r e s u lt s  are shown g ra p h ic a l ly  in  i ’lg u re  Mo. 4.
By measuring the area under the e lu t io n  curve p lo t t e d  from 
these f ig u r e s ,  the w e igh t o f  co b a lt  e lu ted  a t  g iven  volumes 
war. ca lcu la ted  as shown below: -
TABLE NO. 2 1 .
ELUTION OF COBALT UITH 55/ NH^CNS
VOLUME WT. Co. ELUTED / Co ELUTED
24.5 5,47 mgms to
49 9.31 ,f 8,3
72 11*29 " 10,5
200 17.09 « 16.0
400 21, 39 “ 19,1
700 24.74 « 22.0
81/ T es t  0 4 3 . . .
— OJL
T es t  C4o,
E lu tion  o f  To lsonecl Resin w ith  55,/ .jffl^CNS.
a t  6CFC7
Approximately 3 grams o f  V.'estern Reefs  poisoned res in
con ta in ing  1.72/ Cobalt were p laced  In a column surrounded by
a hot water Jacket (S^e F igure ?To ,5B) . The res in  was e lu ted
t.>i th 351 vu CMS the temperature ju s t  above the res in  bed being 
4
maintained between 50°C and 60°Ca
Resin Height * 5.1 cns,
Cross s e c t io n a l  area = 1.0 sq. cms.
v;eight o f  re s in  = 3.12 gms.
Flow ra te  = 0.75 mis/minute.
By measuring the area under the e lu t io n  curve p lo t t e d  
from an an a lys is  o f  the e lu a te  (F igu re  Mo. 5 } „ the w eight of 
c o b a lt  removed from the re s in  a t  g iven  volumes was ca lcu la ted  
as shown below in Tables Nos. 22 and 25.
TABLE N0 c 22.
ELUTION OF 1-QI SONEb RESIN WITH 55; 
MH1 CM3 AT 6CTQC.
Throughput 
ml s .
' "1
V o l . o f  Sample ] 
mis.
Co cone, in sa 
gms/li t re
13.8 13.8 0,382
24.8. 1 1 . 0 0 o 371
37 o 3 12,5 0.188
6 6 .8 29.5 -
96. 0 oo o 0.06
118.5 22.5 0,063
151.5 33 e* 0 -
185.5 34.9 0.019
241.1 56.0 -
277.9 36,8 0,015
0< * .-“ia.Lvi, Nij a Ao
TABLS NO. 25,
ELUTION 0? "01 BONED BE SIN VJITH 35# 
NH^CNS AT 60°C
r
V o l. o f  E luate
•
• v;t, Co E lu ted % Co E lu ted
50 mis 13,9 morris 26,0
100 " 1804 fi
■
34 > 4
150 " 20,0 !i 37,5
200 « 20.8 1 39,1
300 " 22.3 " 41.7
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SUMTARY AMD CONCLUSI ONS
The r e s u lts  obta ined in  the in v e s t ig a t io n  in to  the 
nature o f  the po isons on the res in s  can be summarised as 
f o l l o w s , end the fo l lo w in g  conclusions drawn t
Xo The res in s  s u f f e r  a decrease in capac ity  due to the 
chemical po ison in g  by t e t r a th iona te  and c o b a l t ! cyanide anions*
Of these two compounds the form er can be r e a d i ly  removed by 
regen era t ion  w ith  30,t MaO-7 o r  5-l Ma , whereas the l a t t e r  i s  
exceed in g ly  d i f f i c u l t  to remove and as y e t  no economic method 
o f  regen era t ion  has been found* Thus the te t ra  th iona te  po ison ­
ing  cannot be considered to be a l im i t in g  fa c t o r  in  the l i f e  o f  
the r e s in s , but the co b a lt !c y a n id e  po ison in g , be ing  d i f f i c u l t  
to remove, must be considered as o major l im i t in g  fa c t o r  in  the 
l i f e  o f  these res in s*  The presence o f  1 ragm. Co/1. as c o b a l t ! -  
cyanide w i l l  b r in g  about complete po ison ing  in  approx im ately  
3-0 cycles.* (Th is  f i g u r e  r e f e r s  to A r b e r l i t e  r e s in  op era t in g
on a. so lu t ion  con ta in ing  0*5 gms UaOa/lltre w ith  0.10 gms' U»0o
o 8
being adsorbed on lg ®  r e s in  p e r  c y c l e . ) Thus the l i f e  o f  the 
res in s  a t  hen tern heefs and b e s t  hand C onsolidated  Uranium 
P lan ts  depends on the ex ten t to which the c a b a l t i cyanide concen­
t r a t io n  in the pregnant so lu t ion  can be reduced.
2 e Ph ys ica l po ison in g  o f  the r e s in  occurs when a re s in  con ta in ing  
te t ra th lo n a te s  is  a llowed to stand. The te t ra th io n a te s  decompose 
and p r e c ip i t a t e  sulphur in s id e  the r e s in ,  thus b r in g in g  about a 
mechanical b lock in g  o f  the ion exchange cen te rs . Care should, 
th e r e fo r e ,  be taken to ensure that a res in  con ta in ing  t e t r a -  
th ion a te  anions should not be a llowed to stand in th is  con d it ion .
z' a The presence o f  both the t e t ra th io n a te  and the co b a lt !c ya n id e  
anions in  -he pregnant so lu t ion  i s  derived, from compounds formed 
during the cyan id. a t i  on o f  t^e o re  f o r  go ld  e x tra c t io n .  C o b a lt l-
cyanide • o %
cyanide anions are a lso  formed during the lea ch in g  procedure 
when a rec yc led  manganese d io x id e  s lu rry  con ta in ing  c o b a lt  i s  
added to an a l  Tealine cyanide res idue con ta in ing  f r e e  cya n id e , 
p r io r  to the add it ion  o f  ac id .
4. Severa l methods o f  e l im in a t in g  these poisons from the 
pregnant so lu t ion  have been suggested. The f i n a l  cho ice  r i l l  
depend on economic cons idera t ions  and the r e s u lts  o f  experiments 
be ing ca r r ied  out a t  o th er  research  cen tres  and on the P lan ts  
themselves. The most prom ising method appears to be the 
thorough washing o f  the cyanide res idu e  p r i o r  to lea ch in g , 
which removeb s im ultaneously the c o b a l t l cyan ide, the th io ­
cyanate (which forms p o ly th io n a te s )  and the f r e e  cyanide.
S E G T I O N  B
INVESTIGATIONS INTO THE LIFE OF 
VARIOUS ANION EXCHANGE REPINS 
OPERATING ON THE RLYVOORUTTZICHT 
PREGNANT SOLUTIONS.
85 -
INVESTIGATIONS 
AT-TXO:-: LXCKAN'rE 
' l^ L W m o 'm p z I
-iilTO  THE_ LIFE
ol ERA? 
CHT l regnant 5
OF VARIOUS 
IMG- ON THE 
OLUTI QMS , **
i• ART I .
U H S t_L iyE  TESJLOX.AI:^ ^*LIT33 IRA. 400 AMD 
DOV/gX I  RESINS. '
1. INTRODUCTION:
At the end o f  1050 s u f f i c i e n t  experim ental worh had been 
ca rr ied  out In  the United S ta tes  and South A f r i c a  to In d ic a te  
that e f f i c i e n t  e x tra c t io n  o f  uranium from the Rand 'Leach 
l iq u o rs  could be obta ined by the use o f  anion exchange re s in s .  
These ea r ly  te s ts  ind ica ted  that these res in s  were l i a b l e  to 
s u f f e r  a. decrease in  th e ir  exchange ca p a c ity  a f t e r  on ly  a few 
cy c le s  o p e ra t io n . 1 2 7  in  a d d it ion , the p h ys ica l s t a b i l i t y  o f  
the res in s  waa sub ject to some doubt, p a r t i c u la r ly  s ince they 
were opera t in g  on so lu t ion s  w ith  high io n ic  s trength .
I t  was th e re fo re  considered e s s e n t ia l  to su b jec t  the two 
anion exchange r e s in s  then a v a i la b le ,  namely the Amber11te 
IRA .400 ( manufactured by Rohm & Haas Co.) and Dowex I  (manu­
fa c tu red  by the Dow Chemical Co.) to a l i f e  t e s t  whereby a 
complete study o f  the po ison ing  and d is in t e g r a t io n  l i a b l e  to 
occur could be nc.de. I t  was considered  tha t conclusive data, 
could only be obtained, by su b jec t in g  these res in s  to load in g  
end e lu t ion  operations c lo s e ly  resem bling the procedure to be 
used in the f u l l  sca le  p la n ts .
.-us instrument had been designed and made in  the United S ta tes  
which would perm it automatic co n tro l  o f  such a sequence o f  
op era t ion s . This " l i f e  T e s te r "  was in s t a l l e d  a t  the Govern- 
nen l e t a l lu r g i c a l  Laboratory and put in to  use to t e s t  the 
l i f e  o f  the two res in s  mentioned above.
ul 1  cieEcr ip t io n  o f  th is  instrument and i t s  method o f  
opera tion  i s  g iven  in  an appendix a t the end o f  th is  chanter.
At th is  e a r ly  stage i t  was decided to transport  the con-
80/ para l i v e l y . , . . .
p a r a t l v e ly  la r g e  amount o f  pregnant so lu t ion  req u ired  f o r  th is  
in v e s t ig a t io n  from one o f  the two P i l o t  p lan ts  in  op era t ion . 
There appeared to be l i t t l e  to choose between the Western 
Reefs and KLyvoorul t z l c h t  P i l o t  H a n ts .  The p re lim in ary  
te s ts  had shown that the pregnant so lu t ion  produced a t  Bly~ 
v o o r u l t z ic h t  showed the worst loa d in g  c h a r a c te r is t lc s ^ ^ ® ^ ^ "  
.•.hich sum' ested that the po ison in g  o f  the r e s in  would be more 
severe  on th is  so lu t io n . On th is  account i t  was decided  to 
opera te  the L i f e  t e s t e r  on the pregnant so lu t ion  produced a t  
the B ly V o o ru itz lc h t  P i l o t  P la n t ,
2 ° E2Q1ERIMENTAL . CO WRIT! QNS A',TD R lol'I TS AFTER 1 00 CVCIFS
OPERATION a ' -------— ----—— — ---- =----—
The two r e s in s  under t e s t  were wet screened, the minus 20 
p lus 60 mesh f r a c t io n  being used In these te s ts *
150 mis, o f  the res in  were introduced in to  1 " d iam eter
'"'lass columns, the he igh ts  and volumes o f the res in  beds being
as fo l lo w s  j
A m ber llte  IR A ,400 Dowex I
Diameter o f  Column 2 c 54 cm 8 2, 54 cm s
H e igh t o f  column 29,6 29. 6 11
Volume o f  re s in 150 ml s 150 mls
Height o f  res in 46.5 gns 45„4 gms
3; r  e l  In i  n a ry  Tests:
The i n i t i a l  ch lo r id e  c a p a c i t ie s  o f  the columns were as
fo l lo w s  5“
A m oer lite  IRA ,400 Dowex I
C h lor ide  capac ity  o f  whole
column in  m i l l !  eou lva len ts  158 1 1 5
o f  C h loride  ion  ‘
C h lo r ide  capac ity  o f  res in s
in mi 111 equ iva len ts  Cl/gm. 5,35 o 55
dry RC1
87/ A . ........
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FIG No 8
E F F E C T  O F TEMPERATURE ON THE ADSORPTION 
O F URANIUM
A. -  2 Q °C .
B. ----------3 9 ° C,
FLO W  RATE £ 6  M LS/M iN
A M B E R L IT E  C O LU M N .
A p re l im in a ry  t e s t  was c a r r ie d  out to determ ine the e f f e c t
o f  temperature on the loa d in g  c h a r a c t e r is t ic s  o f  the r e s in .  
F igure Mo. 8 shows the loa d in g  curve obta ined  a t  20°C and 39°C 
From the small d i f f e r e n c e  between these two curves i t  can be 
concluded that minor v a r ia t io n s  in  temperature can be n eg le c ted  
in fu tu re  work.
Operation o f  the L i f e  T e s te r  over  the 1 s t  100 c y c le s .
During th is  p e r io d  one 
Adsorb !ion  <§' 60 ml/min
Downwash € 60 "
E lu t ion  G 15 "
Downwash 6 60 15
complete c y c le  cons is ted  o f  
2 hr So 
6 mins.
4 h rs ,
1 2  mins ,3
In a d d it ion  to these opera t ions  the columns were backwashed 
manually each day to e l im in a te  in s o lu b le  m a te r ia l c o n s is t in g  
mainly o f  s i l i c a  which had accumulated in  the column.
The pregnant so lu t ion  used during th is  period, was produced 
a t  t u e B ly v o o ru lt z ic h t  P i l o t  P la n t  by th e ir  standard lea ch , no 
magnetic separation  o f  iron  from the cyanide res idu e  p r i o r  to 
lea ch in g  be ing  included.
The average an a lys is  o f  th is  so lu t ion  during th is  p e r iod
was as fo l lo w s
Iron  as Fe+*!"“'
Uranium as U^Oq 
Free  H0SQ4 
T o ta l sulphate 
oH
5„Q gms/X 
0.25 !>
4.0 iS
40 !i
0,9
This pregnant so lu t ion  was c l a r i f i e d  in a sand c l a r i f i e r  
b e fo r e  b®Ing pumped in to  the L i f e  T es te r  s to rage  drum. I t  was 
n o t ic e d ,  however, that on standing a f in e  c o l l o id a l  p r e c ip i t a t e  
occurred in th is  so lu t ion  c o n s is t in g  o f  s i l i c a  and a small 
p rop o r t ion  o f  sulphur.,
No attempt was made to obta in  maximum uranium recove ry .
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FIG. No 9
INITIAL & IOO CYCLE LOADING CURVES 
ON AMBERLITE COLUMN.
A, IN IT IA L  LOADING CURVE
UyOg CO  IMG. — 0 - 2 6 4  Gm s / I iTRE.
B FINAL LOADING CURVE.
UaCfeCONC — O 2 4 g  &Mt/LiTTft£
FLOW  RATE 6 6  m is  / 'nun.
/
FIG. No.lO
INITIAL It IO O  CYCLE LOADING CURVES
DOWeX COLUMN.
A initial loading c u r v ,
U50 a CONC. — 0 -2 6 4  6M a/nTRE
B tO O  Cycles loading curve 
U3 0 *  COMC ---- 0 -2 4 -2  GMS/LlTRt.
How Ra t e  6 6
Each column wa3 loaded to sa tu ra tion  a t  each c y c l e , and th is  
meant that a la r g e  p roportion  of- uranium in the pregnant so lu­
t ion  ras d iscarded in  the barren so lu t ion .
The e lu a te  con ta in ing  uranium and Iron  was j j r e c ip i t a t e d  
w ith  Ammonium Hydroxide to a p’T o f  6 , 8 , f i l t e r e d ,  and the 
barren e lu a te  a c id i f i e d  r.nd returned to the e lu t in g  so lu t ion  
sto rage  drum,, This opera tion  was ca r r ied  out approxim ately
every 20 c y c le s ,  i . e .  when 25 g a l s , o f  e lu a te  and rashes had
been c o l l e c t e d .
Resu lts  a f t e r  1 0 0  cy c le s ;
The ch lo r id e  c a p a c it ie s  o f  the two columns a f t e r  1 0 0
cy c le s  opera tion  are r iven below s-
Amberli'te IR A .400 Dovex I
C h lo r ide  can a. c i t y  o f  column
a f t e r  loo c y c le s ,  in  m i l l i -  
equ iva len ts  C l 1
136 106
Percen tage o f  fre sh  res in s  
ccp a c lty
8?.; 92/i
The loa d in g  curves a f t e r  1 0 0  c y c le s  toge th er  w ith  the
i n i t i a l  lo a d in g  curves are shorn in  F igures Nos. 9 and 1 0 .
By es tim ating  the areas under these curves , the fo l lo w -
ing  amounts o f  uranium adsorbed were determined.
Amberli t  e 1RA04 00 Dorex I
Uranium adsorbed on column 
0 c y c l e s , in  gms, UgOg 0.78
f 
00
!
O°
i1
Uranium adsorbed on column 
1 0 0  c y c le s ,  in  gms tl^Og 0.44 0 a 24
Decrease In uranium capac ity
>- fre sh  res in s  capac ity 44 50
I t  can be seen that although the c h lo r id e  c a p a c it ie s  
had shown on ly  a s l i g h t  decrease , the amount of'uranium  ad­
sorbed from a pregnant so lu t ion  had dropped to about h a l f  i t s  
o r ig in a l  value,,
I t  was noted that these loa d in g  curves ex h ib ited  the
89/ phenomena,. . * o
phenomena o f  what may be termed " s e l f  e lu t io n " .  By th is  i s  
meant that the uranium concen tra tion  in  the e f f lu e n t  from the 
column reaches a va lue h igher than that in  the pregnant in ­
f lu e n t ,  Consideration  o f  th is  phenomena led  to the conclusion 
that the uranium a lready  adsorbed was be ing displaced, by some 
o th er  anion w ith  a s tronger a f f i n i t y  f o r  the r e s in .
At th is  stage o f  in v e s t i g a t i o n f however, in s u f f i c i e n t  
experience o f  the ion exchange aclsorbtion c h a r a c t e r is t ic s  o f  
the var ious pregnant so lu t ions  had been obta ined to decide 
whether these loa d in g  curves ex h ib ited  e x c e p t io n a l ly  poor 
lo a d in g  c h a r a c t e r is t ic s .  For comparison purposes a load in g  
curve t e s t  was ca rr ied  out on the A n b e r l i t e  column us ing .a  
so lu t ion  con ta in ing  on ly uranium and sulphate ions a t  the same 
concentra tions encountered in the pregnant s o lu t io n s ,  A s im ila r  
curve wts obtained on a fre sh  res in  column o f  the same dimen­
s ions, These two curves are shown in F igure ho, 1 2 , and show 
that on ly  a small f r a c t io n  o f  the to ta l  uranium capable o f  
being adsorbed under id e a l  cond it ions  was be ing ex tra c ted  from 
■'he pregnant s o lu t io n s ,  T 'oreover, the uranium adsorbed from 
the pure so lu t ion  by the fr e s h  and 100 c y c le  A n b e r l i t e  columns 
was in approxim ately  the s: me r a t i o  as the c h lo r id e  c a p a c i t ie s .  
Uranium adsorbed by fre sh  A n b e r l i t e  column * = 6,28 gras lL,0o
o o
Uranium adsorbed by lo o  c y c le s  A n b e r l i t e  column »  5,65 gms U-^ Oq
• • /■' capac ity  o f  1 0 0  c y c le s  column B qq
I t  was th e re fo re  apparent that the pregnant so lu t ion s  
used f o r  these te s ts  contained some anion which was be ing 
adsorbed p r e f e r e n t i a l l y  to the uranium, A b r i e f  q u a l i t a t i v e  
an a lys is  o f  the e lu a te  obta ined from such a pregnant so lu t ion  
f a i l e d  to show the presence o f  any im purity  o th er  than Fe*++ ,
30/j" and s i l i c a ,
Regeneration Te s t s :
In v iew  o f  the decreased capac ity  o f  the columns, they
90/ were
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FIG No II
LOADING CURVES AFTER 6N, HCI. REGENERATION 
AMBERLITE & DOWEX COLUMNS IOI CYCLES.
A. AMBERLITE
9. DOWEX
PLOW RATEs 66  MIs/lMin
U 3 Q 8  C Q N C  -  0  2 4 7  g / l.
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FIG. No. 12.
LOADING CURVES ON AMBERLITE COLUMNS 
PURE SYNTHETIC URANIUM SOLUTION.
A. FRESH RESIN
B . IQ S  C Y C L E S  R E S IN
FLOW  R A T E  GG  M ls/M >n  
U 3 0 s  C O N C .O  £ 5  Gm S/L I T R E
~ 90
were su b jec t  .to a 6N TTG1 wash. This procedure was suggested 
by hr., Olsen ( o f  the Dow Chemical Go. USA) as a u su a lly  
e f f e c t i v e  regen era t ion  procedure. The loa d in g  curves obta ined 
a f t e r  th is  regen era t ion  shown in  F igure No 11 were however 
v i r t u a l l y  Id e n t ic a l  w ith  the p rev ious curves and showed, that 
no a pp rec iab le  regen era t ion  had taken p la c e .  Other methods 
o f  regen era t ion  were not attempted as i  t w; s considered  that
(a )  the res in s  were not s e r io u s ly  poisoned; the uranium 
c a p a c it ie s  ca lcu la ted  from the pregnant so lu t ion  lo a d in g  curves
g iv in g  a f a l s e  impression o f  the ex ten t  o f  po ison ing  due to 
the e x c e p t io n a l ly  poor load in g  c h a r a c t e r is t ic s  o f  these 
so lu t io n s , (b ) I t  would be a d v isab le  to su b jec t  the columns 
to a fu r th e r  number o f  c y c le s  in order to ob ta in  a g r e a te r  
accumulation o f  poisons on the res in s  so that t h e i r  id e n t i ­
f i c a t i o n  could be more r e a d i l y  ach ieved .
For these reasons i t  was decided to continue w ith  the 
L i f e  Test ,
RESULTS QF THE LIFE TEST 0? AM-REFUTE IRA, 400 AMD BOV/EX I  
RES I  VS Ul- TO 6 b) ................... . —  ...— —
During the per iod  from 1 0 0  to 600 c y c le s  a wide v a r ie t y
o f  pregnant so lu t ion s  was obta ined from the B ly v o o ru it z lc h t
l i l o t  P la n t .  The nature o f  the work c a r r ie d  out a t  th is  P i l o t
P la n t  where d i f f e r e n t  lea ch in g  procedures were b e ing  in vest !* "
gated, resu lted  in the production  o f  pregnant so lu t ion s  o f  w ide ly  
d i f f e r i n g  com position , I t  was im prac t icab le  and a lso  inad­
v is a b le  to s to re  s u f f i c i e n t  q u a n t i t ie s  o f  pregnant so lu t ion  to 
operate  the L i f e  T e s te r  f o r  even 100 c y c le s ,  so that the loading- 
curves obta ined a f t e r  these p e r iod s  had. to be determined on the 
pregnant so lu t ion  being produced a t  B ly vo o ru i t z 1 cht a t  that 
time. This procedure; made a comparison, o f  t h e .performance o f  
the r e s in s  obta ined from data from the load in g  curves on preg­
nant so lu t ion s  almost im poss ib le . During the normal opera tion
0*j / -f 'p•./‘-i.-f ® » • » «J
FIG No 13
LOADING CURVES ON AMBERLITE & DOWEX COLUMNS
2 0 0  CYCLES.
the a d so rb t ion time c y c le  f o r  each p a r t ic u la r  batch o f  p reg ­
nant so lu t ion  was ad justed so that the e f f lu e n t  a t  the end o f  
the adsorbtion  per iod  contained 60,,' o f  the uranium concentration  
In  the in f lu e n t .  Lower va lues than th is  requ ired  e x c e s s iv e ly  
la r g e  amounts o f  so lu t ion  due to the f l a t t e n in g  out o f  the 
loadin'? curve a t  approxim ately  th is  40$ ex tra c t io n  l e v e l .
The loading- curves obtained during the 100-600 cy c le s  
p e r iod  are  shown in  F igures 'Tos» 15 -  17, and a b r i e f  d esc r ip ­
t ion  o f  the pregnant so lu t ion  from which they were obta ined i s  
'Tlv e n  below: '
Loading; Curves Obtained a t 200 C y c le s „
•he loa d in g  curves obta ined a t  200 cy c le s  on the Amber- 
l i t  e and Dowex columns are shown in .F iw u re  Mo. 13. These 
curves show a very  narked improvement in  the adsorbtion  charac­
t e r i s t i c s  o f  the pregnant so lu t ion  used, f o r  th is  t e s t  compared 
w ith  that used f o r  the 100 c y c le  t e s t  (C f . F igure Mo 1 1 ) . The 
s e l f  e lu t ion  e f f e c t  so prominent in  the i n i t i a l  and 1 0 0  c y c le  
te s ts  was absent, and th is  p o in ts  to e l im in a t ion  of- the p a r t i c ­
ular* ion  which was p r e f e r e n t i a l l y  adsorbed in  th is  l a t t e r  
s o lu t io n .  A comparison o f  the analyses o f  these so lu t io n s  fo r  
?,e+++ f'-n'£ SO4 ‘ * (which were o r i g in a l l y  b e l ie v e d  to p ro v id e  the 
major com petition  to uranium f o r  adsorbtion  on the r e s in )  showed 
only minor d i f f e r e n c e s  in  the concen tra tion  o f  these Ions . I t  
i s  thus improbable that the marked improvement in  the loa d in g  
c h a r a c t e r is t ic s  o f  th is  new premnant so lu t ion  can be attributed, 
to changes in  the Fe+++ or  30^* co n cen tra t io n »
Compositi on of. P regnant Solution
(a )  0 cy c le s  (b ) 200 c y c l es.
u3 08 gras/ 1  
Fe1"5'*  ,!
S° 4 «
pH
0 „ 264 
504 
25 
0.9
0.270 
4 o 8 
40
1 . 0
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FIG No 14
LOADING CURVES ON AMBERLITE & POWEX COLUMNS 
3 0 8  CYCLES.
92 *"
The Improvement 'became ev iden t when a new batch o f  
oregnant so lu t ion  was rece iv ed  r.t 185 cycles,, ovoseouent 
en qu ir ies  a t  the ’l l y v o o r u i t r i c h t  I -H o t  P la n t  p rov ided  no 
reesen ab le  exp lanation , i t  be ing sta ted  that no fundamental 
change had been made In the lea ch in g  procedure, the on ly  modi- 
f i c a t i o n  introduced being an improvement in  the magnetic 
separa tion  o f  m e ta l l i c  iron  from the cyanide res idu e p r i o r  
to lea ch in g ,
A p o ss ib le  exp lanation  f o r  the poor adsorb tion  proper-” 
t i e s  o f  the so lu t ion s  used f o r  the 0 and 1 0 0  c y c le  t e s t s  was 
on ly  apparent a t  a much l a t e r  s tage  in the in v e s t ig a t io n ,  when 
a more thorough understanding o f  the nature o f  the po isons 
occu rr ing  in  the pre-mant so lu t ion  had been obtained and th is  
w i l l  b ° discussed in more d e t a i l  a t  a l a t e r  s tage .
As w i l l  be seen none o f  the pregnant so lu t ion s  sub™ 
sequently  re c e iv ed  from the B ly v o o ru its lc h t  P i l o t  P la n t  showed 
s im i la r ly  poor lo a d in g  p r o p e r t ie s .
Loading Curves Obtained a t  508 Cycl e s ,
The load in g  curves obtained a f t e r  308 c y c le s  are shown 
Ln Figure v o 14. These were observed to be v e ry  s im i la r  to 
those obta ined in the 200 c y c le  t e s t .  The composition o f  the 
pregnant so lu t ion  used f o r  these te s ts  i s  as fo l lo w s :
U5Og concen tra tion  -  0,292 gns U^Og/l.
pe+++ con ceR t ra  t i  on -  5 ,0  qm s/1 .
SO4 8 * concentra tion  -  40 ,6  "
pH -  1 .6
The in crease  in the breakthrough volume and the s teeper 
g ra d ien t  o f  the graph, a f t e r  breakthrough shown in .these curves, 
as compared w ith  the prev ious curves, can be exp la ined  as 
be ing due to the s lower f lo w  ra te  o f  30 mls/minute, which fo r  
p r a c t i c a l  reasons had to be employed.
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FIG No 15
LOADING CURVES ON AMBERL1TE & POWEX COLUMNS 4 0 0  CYCLES 
FERRIC & FERROUS LEACHES
Loading; Curves Obtained a t  400 C yc les ;
At 400 cyc les  the B ly v o o ru lt z ic h t  P i l o t  P la n t  m s  
experim enting w ith  the two stage lea ch in g  procedure,
In th is  p rocess the cyanide res idue i s  g iven  a p re ­
l im in a ry  su lphuric acid leach  which removes about 1/3 o f  the 
uranium presen t, toge ther  w ith  most o f  the ac id  consuming 
const itu en ts  and a p o rt ion  o f  the reducing agents presen t in 
the o re .  The res idue from th is  p re l im in a ry  leach  was then 
leached w ith  manganese d io x id e  and su lphuric  acid which 
e f f e c t s  the ex tra c t io n  o f  the remaining uranium. This procedure 
r e s u l t s  in the saving o f  manganese d io x id e ,  but produces two 
so lu t io n s , both o f  which have to be passed through the ion 
exchange columns. The f i r s t  so lu t ion , known as the fe rrou s  
pregnant so lu t io n , conta ins a small amount o f  uranium and a 
com parative ly  la r g e  amount o f  Fe++0 The second so lu t io n ,  the 
f e r r i c  pregnant so lu t io n ,  i s  ve ry  s im i la r  to that obtained, in 
the normal uranium leach , and conta ins the major p o rt ion  o f  
the uranium w ith  Fe+++ as the major im purity .
The loa d in g  curves o f  the f e r r i c  pregnant so lu t ion  on 
the A m berlite  and Dowex columns, and the fe rrous pregnant 
so lu t ion  on the A m b er lite  column are shown in  F igu re  T'o 14.
The f e r r i c  pregnant so lu t ion  shows e x c e p t io n a l ly  good 
lo a d in g  c h a r a c t e r is t ic s  approaching those o f  a pure uranium 
so lu t ion  o f  the same concentra tion  (C f  F ig u r e  No. 1 2 ).  The 
fe r ro u s  pregnant so lu t ion  does not e x h ib i t  such good load ing  
c h a r a c t e r is t ic s ,  although comparisons are  d i f f i c u l t  due to the 
low er concen tra tion  o f  uranium in  th is  so lu t ion .
An an a lys is  o f  the ca lc in ed  p r e c ip i t a t e  from the 
e lu a te  from a column loaded w ith  the fe r ro u s  pregnant so lu t ion  
was found to be as fo l lo w s  : -
U308 81 o 6/
s io 2 ~ 19.0#
- Qa43#
94/ T h ese . . .  . .
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FIG. No. 16.
LOADING CURVES OF AMBERLITE t  DOWEX COLUMNS 5 0 0  C Y C L E S
G rm s U 3 P 6  T H R O U G H P U T
FIG. N° 17
LOADING CU R VES ON AM BERLITE & DOWEX COLUMNS 6 0 0  C YC LES.
Grma U 3 P 6 T H R O U G H P U T
-  94 -
These r e s u lts  showed tha t only a very  small amount o f  
iron  i s  adsorbed by the re s in  from such a so lu t ion .
Loading Curves Obtained a t  500 Cycles*
During th is  p e r iod  a m ixture o f  the f e r r i c  and fe rrous 
pregnant so lu t ion s  was obta ined from the B lyvooru i t z i  cht P i l o t  
P la n t  and the load in g  curves on th is  so lu t ion  are  shown In 
F igure  Mo, 1 6 .
Here again remarkably good adsorbtlon  C h a ra c te r is t ic s  
were observed but again comparisons were rendered d i f f i c u l t  by 
v a r ia t io n s  In the composition o f  th is  so lu t ion  compared w ith  
those used in prev iou s  te s ts .
A n a lys is  o f  S o lu t ion .
U5 08 - 0.198 gms/1 ,
Fe+* - 0 . 6 u
Fe+++ - 1.5 it
Sulphate - 15,81 ii
pH - 2 . 1
Loading Curves Obtained a t  600 C y c les ;
B efore  the 600 c y c le  Tes t  the B ly v o o ru it z ic h t  P i l o t  
P la n t  r e v e r te d  to the normal s in g le  uranium leach . The o reg -  
nant so lu t ion  used f o r  the 690 c y c le  t e s t  was s im i la r  in  com*" 
p o s i t io n  to tha t used a t  200 c y c le s ;
0.270 gms/lo 
3.85 «
33 o 3 "
1.6
V a
Fe‘*,++
so4 '«
oH
The lo a d in g  curves obta ined on th is  so lu t ion  are shown 
in l lg u re .N o .  17 which, when compared w ith  the 200 c y c le  cu rvee 
shows a s l i g h t  improvement In  the loa d in g  c h a r a c t e r is t ic s .
This may p o s s ib ly  be due to the s l i g h t l y  h igher pH value o f  
the so lu t io n .
95/ C h lo r ide , „ , .
FIG. No 18
CHLORIDE C A P A C IT IE S  O F AMBERLITE & POWEX 
COLUMNS O -------- 6 0 0  C Y C L E S
N ° O F  CYCLES
SlLlQIlLfle..Capacities.Measured During t he 600 Cycle T est,.
In add it ion  to the loa d in g  curves described  above, the 
ch lo r id e  c a p a c i t ie s  o f  the two columns x^ere measured every  1 0 0  
cy c le s  and are g iven  in Table No. 24 and represented  G raph ica lly  
in  F igure No. IB .
I t  was observed that the capac ity  o f  the A m berlite  
column drops over  the f i r s t  200 c y c le s  to approxim ately  80,1 
o f  i t s  o r ig in a l  capac ity  end th e r e a f t e r  more s low ly  to 75,1 
a f t e r  400 c y c le s . From 400 to 600 cyc les  the drop i s  more 
rap id  to 57,..' o f  i t s  o r ig in a l  cap ac ity .
In the ease o f  the Dowex Column there I s  a slow 
steady drop over  600 c y c le s  to 78,1 o f  i t s  o r ig in a l  cap ac ity .
These f ig u re s  rep resen t the t o t a l  lo s s  in  capac ity  o f  
the columns, in which i s  included both chemical po ison in g  o f  
the res in  and a lso  the mechanical lo s s  o f  the re s in  from the 
column.
ihe actua l ch lo r id e  ca p a c ity  o f  the r e s in s  exoressed 
in  m i l l ! e q u iv a le n ts  o f  chloride/gm o f  r e s in ,  which can be taken 
to rep resen t the amount o f  po ison ing  tak ing p la c e  i s  shown in 
Table Mo. 24. These f ig u re s  i l l u s t r a t e  that the r e s in s  have not 
become s e r io u s ly  chem ica lly  poisoned during the 600 c y c le s ,  
th e i r  c a p a c it ie s  being 88.4;! and 92.4,! o f  the fr e sh  res in s  
capaci by in  the case o f  the Am ber lite  and Dowex r e s p e c t iv e ly .  
,.^^JlSgs.J,_nj,:e lg ] i t s and Volu mes o f  the Res ins over  600 Cy c l e s ;
-he changes in the w e igh ts , volumes and d e n s i t ie s  o f  
the res in s  over  the 600 c y c le  p e r iod  are shown in Table Mo. 25. 
During th is  p e r iod  che volume o f  the columns had. droaoed to 
B l;. (A m b er lite )  and 90, (Dowex) o f  the c r im ina l volume.
The weights o f  the res in s  (as ca lcu la ted  from the 
c h lo r id e  ca p a c ity ,  s ince i t  was d e s ira b le  to avo id  d ry in g  o f  
the r e s in )  were on ly  66.5/ and 82.5;! o f  the o r ig in a l  weights 
in  the case o f  A m berlite  and Dowex res in s  r e s p e c i t v e ly .
TABLE NO. 24
TvBLE NOc ?4
mnNHin and chloride c a p a c i t i e s  of 
DOW EX RESINS DURING 600 CYCI
. A-
CAPACITY
1 . C h lo r ide  Capacity  o f  whole column
• in  m ill ieq u iv .a len ts  o f  C h lo r ide .
a ) 0 c y c le s 15 5  ‘ ■b ) 1 00 " 1 3 6
c ) 200  " 1 2 0
d) 300  !! 119 .
e ) 400 " 118
f  ) 300 10 2
. g )
ooso
' 91
o— Kr C hlor ide  Capacity in  mi111-
>•
equ lva lon ts  C h lo r ide  per 'gnu
o f  Dry RC1  *
a ) Fresh Resin 0 c y c le s . 3*35
b ) 600 c y c le  Resin 2 =9-6
3* omnium Capacity  o f -.vhole column
in Gms * TI3°g
a ) 300 c y c le s 1 3 , 6
b ) l r o  M n«7
c ) 300 S*35a) 6oo
4. ’Tranium Capacity in  gms UxO^/gm 
Dry HC1 '
a ) Fresh Resin 0 cyc les 0 o 266b) 600 c y c le s 0 , 2 2 1
ERLi: 
■-6T -
E AND
•
DOW EX
c a p a c i t y 76 OF FRESH
115
•
100
106 92
105 91
101 07
■ 94 02
92 SO
90 7S
2,53 100
2»y4 92,4
1 *
11.4 
7 . C5
8.05 1
,139 100
.146
i .
77*5
EIGHTS AND VOLUMES OF THE A;.JiERLIIE AND DOWSX GULDENS
AFTER 600 CYCLES
— ---------------------------------------------------------------------------------------------------------------------
Af-lBERLITE DOW EX
1
VALUE i» OF FRESH RESIN VALUE
p OF FRESH 
RESIN
1, O r ig in a l  Column Volume 150 CCS 1 0 0 1 5 0  CCS 1 0 0
Volume .a fter 600 cy c le s 1 2 2  " S I 1 3 5 90
2. O r ig in a l  v.t. o f  Resin 46c5s®s ICO 4-5.4-gras 100
Weight a f t e r  600 cy c le s 3 0 . S " 66o2 3 8  0 4- " S2 , 5
3* Actual Density  in  gms ary RCl/cc
1-12’"a") Fresh Resin 1,19 - —
b) Used Resin 600 cy c le s lo25 «• 1,17
4-„ Column Density  in  eras ro s in  
p e r  cco column space 
a )  Fresh Resin 0 * 3 1 0 0 * 3 0 2
b )  Rosin a f t e r  600 cy c le s 0 *2 5 4 . 0.2S4-
Weights ca lcu la ted  from ch lo r id e  capac ity  data
FIG:NoJ9.
P H O T O  M I C R O G R A P H S  S H O W I N G  D I S I N T E G R A T I O N  O F  
R E S I N  D U R I N G  T H E  6 0 0  C Y C L E  L I F E * -  T E S T
F r e s h  A m b e r i i t e  IR A .4Q O  Amb e r l i t e  I R A  4 0 0 , A f t e r
6 0 0  c y e f e s
The column d e n s it ie s .  In grns res ln / cc . column space 
had. changed from 0.310 to  0 o254 (A m b er l ite )  and iron  0.30.^ 
to 0.2P-4 (Dowex).
These f ig u re s  shoved tha t although 33.5,,. by w e igh t o f  
the A n b e r l i t e  and 17.5/.' by w e igh t o f  the Dowex hod been l o s t  
during the 600 c y c le s ,  the decrease in  the volume was no t
p ro p o r t io n a l  to the amount o f  r e s in  l o s t .
Appearance o f  the he sin ;
F igure  y.o. 19 shows fou r  photomicrographs o f  the fre sh  
and 600 c y c le  r e s in s .  These photographs were a l l  taken a t  the 
same m agn if ica t ion  and w ith  s p e c ia l  p recautions to ensure that 
the samoles photographed are  r e p re s e n ta t iv e  o f  the whole mass 
o f  the r e s in .
They show tha t, p a r t i c u la r l y  in  the case o f  the /.mbgr­
i l l e  r e s in ,  a con s id erab le  amount o f  d is in te g ra t io n  had taken 
p la c e .  I t  appears that during the 600 cyc le s  the la r g e  
I r r e g u la r l y  shaped p a r t i c l e s  o f  th is  re s in  hove d is in t e g r a t e d , 
the sharp angular corners o f  the p a r t i c l e s  having been oroxen 
o f f .  This r e s u lts  in more s p h e r ic a l ly  shaped p a r t i c l e s  and In 
a narrower range o f  ^ a r t i c l e  s i z e .  In the case o f  the Dowex 
r e s in ,  the d is in t e g r a t io n  has taken the form o f  a. f r a c tu r in g  
o f  the o r i g in a l l y  sp h er ica l p a r t i c l e s .  Some o f  the fragments 
o f  these spheres can be seen in the photograph. Hov/ever, the 
d is in t e g r a t io n  is  very  much le s s  t ’-cn in  the case cjf the 
A n b e r l i t e  r e s in .
genera l Observations on the Operati on o f  the. l i f e  T es te r  
Durln? the 600 C y c le s .
The main source o f  troub le  encountered in  t^e operation  
o f  the l i f e  t e s t e r  driring the 600 c y c le  p e r io d  was the accumu­
la t i o n  o f  in so lu b le  m a te r ia l  in  the column. I t  was observed 
that a f in e ,  almost c o l l o i d a l ,  p r e c ip i t a t e  separated from the 
pregnant so lu t ion  during s to ra ge .  This p r e c ip i t a t e  passed
37/ th rough .. . .
through c. sand c l a r i f i e r  end s e t t l e d  from the so lu t ion  on ly  
a f t e r  lon g  p er iods  o f  standing. On the passage o f  the 
so lu t ion  through the res in  columns a la r g e  p roportion  o f  th is  
in so lu b le  m a te r ia l  coagulated and separated as an In so lu b le  
slim e on the r e s in .  This occurred on the passage o f  even an 
apparen tly  c le a r  pregnant so lu t ion  through the column.
A q u a l i t a t i v e  an a lys is  o f  the slim e in  tT'e  column 
shoved i t  to c o n s is t  mainly o f  s i l i c a  but a lso  on occasions to 
contain  a f a i r l y  la r g e  p rop o r t ion  o f  sulphur.
The presence o f  th is  in so lu b le  m a te r ia l  n e c e s s ita ted  
the use o f  frequ en t and thorough backwashing o f  the column.
The accumulation o f  the s lim e was p a r t i c u la r ly  pronounced 
during the f i r s t  185 cyc les  o f  op era t ion . I t  v/es n o t ic e a b ly  
absent when the f e r r i c  pregnant so lu t ion  from the double 
lea ch in g  procedure vas employed f o r  the adsorb tlon  c y c le s .
On frequ en t occasions a s o l id  p lug , c o n s is t in g  o f  the 
f i n e r  res in  p a r t i c l e s  cemented toge th er  by the s lim e, formed 
on the top o f  the Am ber llte  r e s in  bed. This in  many cases 
com p lete ly  stopped the f lo w  o f  so lu t ion  through the column.
This occurrence became a re gu la r  fe a tu re  during the l a s t  100 
cy c le s  o f  the 600 c y c le  t e s t .
4 • DISCUS SION OF RESULTS AND CJNCLUSIONS REGARDIMO THE 
FIRST 600 C'TCLS LIFE TEST OF THE RESINS.
Conclusions regard ing  the performance o f  the r e s in  from 
the load in g  curve data were rendered extrem ely d i f f i c u l t  by 
the va ry in g  composition o f  the pregnant so lu t ion s  r e c e iv ed  
from the F ly v o o r u i t r ic h t  P i l o t  2;la n t .  I t  vas considered  that 
the on ly  sa fe  conclusion that could be drawn was that the 
adsorbtlon  p ro p e r t ie s  o f  the Dowex r e s in ,  although I n i t i a l l y  much 
i n f e r i o r  to those o f  the A m b er llte , g rad u a lly  Improved In com­
parison  to the A m berllte  u n t i l  a f t e r  600 cyc les  the adsorbtlon  
c h a r a c t e r is t ic s  o f  the two res in s  were ve ry  s im i la r .
98/ T h e . . , . .
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The most S ig n i f i c a n t  r e s u l t  obtained. was the ra th e r  
h igh  d is in te g ra t io n  lo s s  o f  the res in  which, in the case o f  
the A m ber lite , v;as found to be much g r e a te r  than had. been 
a n t ic ip a te d  in  the p re lim in ary  experiments, and exceeded the 
g e n e r a l ly  accepted lo s s  o f  10,.' over  1000 cycles,, However, i t  
was admitted that the op e ra t ion a l cond it ions  employed in th is  
L i f e  Tes t  were more severe  than those encountered in most 
o ther  ion exchange a p p l ic a t io n s ,
I t  mas considered that the actua l mechanical lo s s  o f  
the r e s in  could be considerab ly  reduced by tak ing c e r ta in  
p recau t ion s . I t  was obvious that a c e r ta in  re s in  lo s s  occurred 
due to the coagu la tion  o f  s lim e around the in d iv id u a l  r e s in  
p a r t i c l e s  which r e s u lted  in  them being ca r r ied  o ve r  w ith  the 
s lim e during backwashing. This lo s s  might be con s id erab ly  
reduced, by recove r in g  these p a r t i c l e s  in  the backwash e f f lu e n t  
and re tu rn in g  them to  the column.
At the sane time i t  seemed l i k e l y  that an in e v i t a b le  
lo s s  due to d is in t e g r a t io n  o f  the res in  would a lso  occur. I t  
was observed that the decrease in  volume o f  the column was 
l e s s  than the p rop o r t io n a l amount o f  r e s in  l o s t ,  o r  in  o ther 
words, the apparent column d en s ity  had decreased. There was 
v i r t u a l l y  no change in the actua l d en s ity  o f  the r e s in  p a r t i c l e s  
themselves and the only l o g i c a l  exp lanation  f o r  th is  observa t ion  
was that the v e ry  small p a r t i c l e s  which had p re v io u s ly  f i l l e d  
in the spaces formed between the la r g e r  p a r t i c l e s  had been 
removed during the backwashing op era t ion . As can be seen 
when comparing the two photographs o f  the fr e sh  and 600 c y c le  
Am ber lite  r e s in s ,  there  i s  a much narrower range o f  p a r t i c l e  
s i 2 e in  the used r e s in ,  which would mean a sm a lle r  column 
d e n s ity .  Thus any d is in t e g r a t io n  o f  the res in  which r e su lted  
in  the form ation o f  exceed ing ly  small r e s in  fragments must be 
considered to In vo lv e  an in e v i t a b le  lo s s  o f  r e s in .
99/ ; c t . , . . . . ,
— 93 -*
I t  i s  im possib le  from the re s u lts  ob ta ined to dec ide  
what p roportion  o f  the t o ta l  lo s s  observed represen ts  an 
in e v i t a b le  lo s s  and what p roportion  can be recovered end returned 
to the column. '•This n a t t e r  in  o f  some Importance s ince the 
cho ice  o f  the res in  to b® used in  the f u l l  s ca le  p lan ts  w i l l  
depend to a c e r ta in  ex ten t on the mechanical s trength  o f  the 
res in  and the amount o f . unavoidable res in  lo s s  that i s  l l h e l y  
to occur.
I t  i s  s i g n i f i c a n t  to no te  that the lo s ses  occu rr ing  
on the Dowex column were much l e s s  than in  the case o f  the 
Am beriite  column. Thus, although the bowex r e s in  has i n i t i a l l y  
on ly  2/5 o f  the capac ity  o f  an e -u c l volume o f  the Amberii t e  
r e s in , the c a p a c i t ie s  o f  the two columns a f t e r  600 cy c le s  
opera t ion  are equal. Thus i f  the unavoidable r e s in  lo s s e s  
are h igh , i t  i s  p o s s ib le  that i t  would be more economic to 
employ the r e s in  w ith  the low ca pac ity  but h igher  mechanical 
streno:th.
I t  wes fo r  th is  reason considered a d v isab le  to carry  
out a fu r th e r  L i f e  Tes t  so that the nature o f  the r e s in  lo s s e s  
could be stud ied  in more d e t a i l .
Although the r e s u lt s  obtained in d ica ted  that the 
re s in s  a f t e r  6'.)0 cyc les  had not su ffe red  any severe  chemical 
po ison ing, th is  p o s s ib i l i t y  could not be excluded in the opera­
t ion  o f  the f u l l  s ca le  p lan ts . In f a c t  the r e s u l t s  obta ined 
during the f i r s t  1 0 0  c y c le s  suggested tha t excep tion a l po ison - 
ing  was indeed tak ing  p la ce  but due to c e r ta in  changes, the 
s ig n i f ic a n c e  o f  which was not understood, th is  po ison in g  was 
not continued.
I t  was considered , th e re fo re ,  that the second L i f e  
T es t  should be run on a pregnant so lu t ion  produced as requ ired  
under standard cond it ion  a resem bling those to be used on the 
f u l l  s ca le  p la n ts  so that con c lu s ive  data regard ing  the chemi­
ca l po ison in g  o f  the res in  could be obta ined .
100/ PART I I ,
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PART IX
SECOND LIFE TEST ON ANB5RLITS IR A ,400,
DOMEX I  , l-ERNUTIT SE AND IONAC SE. ION 
EXCHANGE RESINS
1. INTRODUCTION:
In v iew  o f  the r e s u lts  obta ined in the prev ious l i f e  
t e s t ,  I t  vn s decided  to ca rry  out a rep ea t  t e s t  w ith  the o b je c t  
o f  ob ta in in g  nore r e p re s e n ta t iv e  data as regards the po ison ing  
o f  the res in  and to determine what f r a c t io n  o f  the t o ta l  lo s s  
o f  re s in  observed in the p rev ious t e s t  rep resen ted  an unavoid­
ab le  l o s s .
I t  was arranged that the pregnant so lu t ion  used f o r  
these te s ts  was to  be produced, as requ ired , a t  the Government 
M e ta l lu rg ic a l  Laboratory from B ly v o o ru lt z lc h t  Cyanide res idue 
under standard leach in g  cond it ions  resem bling those to be used 
on the f u l l  s c a le  p la n t „
In a d d it ion  i t  was decided to inc lude two new re s in s  
which had s in ce  been r e c e iv ed  a t  the Government M e ta l lu r g ic a l  
Labora tory , namely, fe rm u t i t  SE and lonac SE res in s*
2* LEAGUING PROCEDURE A "P LIFE TESTER OPERATION.
During the f i r s t  300 c y c le s  o f  opera t ion  the cyanide 
res idu e re c e iv ed  from B lyvooru l t z l c h t  was made in to  a 40$6 
s o l id s  s lu rry  and oassed over a magnetic separa tor  to remove 
the m e ta l l i c  iron *  A f t e r  f i l t r a t i o n  the res idu e  was charged 
in to  the pachuca and leached w ith  the d e s ired  qu an tity  o f  
su lohuric  ac id  and Nn0o . The !'n0o used was crushed 1-y ro lu s ite ,“ , »-w>
con ta in ing  70,;' a v a i la b le  MnOg, the ad d it ion  be ing made one 
hour a f t e r  the add it ion  o f  the acid*
A f t e r  16 hours leach in g  time the pulp was f i l t e r e d ,  
repulped w ith  water and f i l t e r e d  aga in , the primary and 
secondary f i l t r a t e  being combined to p ro v id e  the pregnant
1 0 1 / solution® a.
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so lu t ion  f o r  the L i f e  T e e te r ,  Th is so lu t ion  v?as passed 
through a sand c l a r i f i e r  and then pumped in to  the L i f e  T e s te r  
pregnant so lu t ion  sto rage  drunu S u f f i c i e n t  so lu t ion  was 
obta ined in one leach  to perm it opera t ion  o f  the L i f e  f e s t e r
f o r  approxim ately  fou r  to f i v e  days.
A t y o lc a l  exarrole o f  the acid  and the : nOg a dd it ion s
and the a n a ly s is  o f  the so lu t io n s  produced are as fo llow s?
HPS04 added * 30 lbs/ ton
LnQg added = 6 '*
31 ue ( ■?; hr, p r io r  to
f i l t r a t i o n , )  = i; “
A na lys is  o f  Pregnant Solution?
2 . 0  gtns/1 .
Fe++ trace
Free t-,oS04 
u3°8
T o ta l sulphate
2 . 0  gras/1 . 
0.25
20 ,s
pH = 1 • 8
During the p e r io d  300 -  400 c y c le s  the magnetic 
separation  step was e lim ina ted , the cyanide res idu e  be ing 
charged d i r e c t l y  in to  the pachuca fo r  le a ch in g . I t  was found 
necessary to in c rease  the acid and .Mn0o a d d it ion s  to 50 lbs/ton
and 1 0  lb s/ ton  r e s p e c t i v e ly .
The opera tion  o f  the L i f e  T e s te r  was s im i la r  to that 
described  in the p rev iou s  L i f e  T es ts , One Im portant d i f f e r e n c e
was tha t small g la ss  wool f i l t e r s  as shown in f i g u r e  ” 0 . 26 
were included in the g lass  columns Immediately below the 
backwash water o u t le t .  By su ita b ly  packing these f i l t e r s  
w ith  g la ss  wool i t  war. found p o s s ib le  to perm it the passage o f  
the f in e  in so lu b le  m ater ia l bu t .p reven t the removal o f  the
farm er res in  p a r t i c l e s  during backwashing.
As p r e v io u s ly ,  the accumulation o f  In so lu b le  m a te r ia l
1 0 2 / was
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was a major source o f  troub le*  p a r t i c u la r ly  In the A m berlite  
column toward the end o f  the 400 c y c le s .  One in t e r e s t in g  
observa t ion  in  th is  connection was that the accumulation o f  
in s o lu b le  m a te r ia l  was p a r t i c u la r ly  seve re  when no g lu e  
add it ion s  were made b e fo re  f i l t r a t i o n .
3o EXIERr'SNTAL RESULTS j
Changes In  he igh ts  and V o lumes o f  the Resins.
Table No. 26 shows the weights and volumes o f  the 
res in s  measured i n i t i a l l y  and a f t e r  400 c y c le s  op e ra t ion .
These f ig u re s  show that there  have been no s i g n i f i c a n t  changes 
in  the weights and volumes o f  the res in s  o r i g in a l l y  p resen t, 
and that the In s t a l l a t i o n  o f  the f i l t e r s  to p reven t res in  
lo s s e s  during bac1'.washing has been e f f e c t i v e  in  e l im in a t in g  
th is  source o f  lo s s .
N ever th e less  th is  does rtot imply that no r e s in  d is -  
in te g ra t io n  had taken p la c e .  In the A m berlite  column p a r t ic u ­
l a r l y  and to a l e s s e r  ex ten t in  the Ionac column, the percen tage 
o f  f in e  p a r t i c l e s  had in creased , and these f in e  p a r t i c l e s  
would undoubtedly have been backwashed from the column had 
the s p e c ia l  f i l t e r s  not been included. The re s in  d is in t e ­
g ra t io n  w i l l  be d iscussed in  more d e t a i l  l a t e r .
TABLE NO, 26
CHANGES IN HEIGHTS AND VOLUKES OF THE 
RESINS DURING 400 CYCLES
IONAC AUBE"LITE DOMEX PERUUTIT
I n i t i a l  wt. o f  re s in  
in gms dry RNO^ 38,5 40,0 46,8 42o6
F ina l wt. o f  re s in  
a f t e r  400 cy c le s  in  
I gms dry RNOg
38,0 38.5 46,0 41 o 3
/ Loss in  w eigh t 1 .3 3,8 1,7 3,‘0!
I n i t i a l  volume in  mis 
.wet s e t t l e d  RNO^ s 105 11©
n
100 99
F ina l v o l , a f t e r  400
c y c le s  in  mis. wet 
s e t t l e d  RNOj
115 116 100 99
103/ C h lo r id e . . .  „
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C h lo r id e  C a p a c it ie s ;
Table No. 27 shows the column ch lo r id e  c a p a c i t ie s  
measured a t  various in t e r v a ls  during the 400 c y c le s .  I t  can 
be seen that minor v a r ia t io n s  in  the t o ta l  ch lo r id e  ca p a c ity  
have occurred during the 400 c y c le  t e s t s .  There I s ,  however, 
no d e f in i t e  cumulative decrease in  capac ity  as was encountered 
during the prev iou s  600 cyc le  t e s t  where a steady r e s in  lo s s  
was occu rr in g . The v a r ia t io n s  in  the capac ity  can be r e a d i ly  
accounted f o r  by the presence o f  va ry in g  amounts o f  poly™ 
th ionates  on the re s in  as w i l l  be discussed l a t e r .
TABLE NO. 27
CHLORIDE CAPACITIES OF THE COLUMNS 
PUR I  N'T 400 CYCLES.
Amber11te Ionac Dowex 1-ermuti t
I n i t i a l  column capac ity  
in  m i l l ! e q u iv a le n ts 134 129 114 119
CapacI ty a f t e r  7 c y c le s 131 123 1 0 2 119
ii " 50 134 116 108 108
tl
1
ii g7 « 1 2 0 117 1 0 0 117
ii .« 1 5 8  i. 119
.
1 2 1 1 0 0 1 0 6
ii •< 216 " 127 118 106 1 1 0
it ii 276  .. 128 113 105 109
ii 11 500 " 130 116■ 115 113
ii " 357 135 1X3 106 105
1 " 354 " 129 118 | 113s
1 1 1
ii si 400 " 119 1 1 2 I 1 0 2 96
..........V
Capacity  and Regeneration Tests and Analyses o f  the Resin
A f t e r  the completion o f  400 c y c le s ,  samples o f  each o f  the 
fou r  res in s  were removed from the columns and su b jec ted  to 
uranium and ch lo r id e  capac ity  t e s ts  as described  in  Section  C. 
Analyses f o r  t e t ra th io n a te  and t o t a l  sulphur, c o b a lt  and s i l i c a  
were a lso  c a r r ie d  out on these r e s in s .
104/ TABLE NO, 28
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TABLE NO. 28
ANALYSIS OF RE'S £ VS FO^ TETBATHI0VATE 
TOTAL'SULPHUR, S ILICA AND GOP-ALT
IONAC | AHBCRLITE DOMEX I-EKTTIT
/ S presen t as t e t r a -  
th ionate 5.41 2,95 3,55 30 60
/ T o ta l 0 p resen t 3,60 3,99 3,60 3o80
/ Co on res in 0,061 0,076 0,015 0,014
/ S i l i c a  on res in 8 , 0 0,4 trace 3,2
NOTE; The an a lys is  f o r  Go and s i l i c a  was ca rr ied  out a f t e r
the completion o f  a l l  o th er  t e s ts ,  s in ce  I t  in v o lv e s  
the d es tru c t ion  o f  the r e s in „
TABLE HQ. 29
URANIUM ANT? CHLORIDE CAPACITIES OF 
THE RESINS■
r  ~ ------
Uranium cap, 
% o f  Fresh 
Resin
C h lo r ide  cap, 
/ o f  Fresh 
.Resin
lonac a f t e r  400 c y c le s 64 65
Am berlite  a f t e r  400  cyc les 70 77
Dowex a f t e r  400 cy c le s 81 82
r-ermut.lt a f t e r  400 cy c le s 81 79
lonac a f t e r  10/ NaOK e lu t ion 86 92
| A m berlite  a f t e r  10/ NaOH e lu t io n 78 89
j Dowex a f t e r  10/ NaOH e lu t ion 86 98
j 1 erm utit a f t e r  10/ NaOH e lu t ion  
l__ . ... ___ ___ -  _ . . _ -
83 1 0 0 i
From the analyses o f  the re s in s  the ex ten t  o f  
po ison in g  due to the p o ly th io n a te  p resen t can be ca lcu la ted
(as shown on Page 49 ) wi th the fo l lo w in g ; r e s u l t s ; »
lonac Am berlite Dowex P ernuti t
/ Po ison ing  due to 
T e tra th ion a te 14,6 12,9 2 1 .5 20,5
C a lcu la ted  capac ity r.5,: 87/ 79/ 80/
105/ From.
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From the above f ig u r e s  I t  can be seen that (a )  In 
the case o f  the Dowex and Perm utit res in s  the drop In the 
c a p a c it ie s  i s  f u l l y  accounted f o r  by the o o ly th io n a te  presen t 
on the r e s in s ;  (b ) In the case o f  the A m berlite  the uranium 
capac ity  i s  l o v e r  than the c h lo r id e  ca p a c ity .  This has been 
found to in d ic a te  the presence o f  c o l l o id a l  sulphur which i s  
confirmed by the d i f f e r e n c e  in  the t o ta l  sulphur and the 
t e t r a th lo n lc  sulphur presen t on the r e s in .  Th is a lso  exp la ins 
the capac ity  be ing  low er tuan tha t ca lcu la ted  from the a n a ly s is  
fo r  t e t ra th io n a te .  I t  w i l l  be noted that the 10,' NaOH e lu t io n , 
although in c reas in g  the ch lo r id e  capac ity  o f  th is  r e s in , does 
not in c rease  the uranium capac ity  to the same ex ten t ,  ( c )
The capac ity  o f  the lonac res in  is  low er than can be expected 
from the a n a ly s is .  There i s  l i t t l e  ev idence o f  the presence 
o f  c o l l o id a l  sulphur. A s im ila r  anomaly was encountered w ith 
the lonac res in  from the West Rand C onso lida ted  P la n t  (C f  
page 54 ) where the measured capac ity  was found to be low er  
than the ca lcu la ted  ca p a c ity .  In both these Instances the 
lonac res in  was observed to  contain an abnormally h igh amount 
o f  s i l ic a , ,  and i t  i s  p o s s ib le  that the presence o f  th is  com­
pound i s  resp on s ib le  f o r  the anomolous r e s u l t s .
Regeneration  T e s ts .
I t  wcs decided to determine whether s a t i s fa c t o r y  
removal o f  te t ra th io n a te s  could be obta ined  by pro longed 
e lu t io n  o f  the r e s in s  w ith  the standard 0 . IN HNOg, 0.9N IlH^NOg 
e lu t in g  s o lu t io n .  I t  had p re v io u s ly  been observed that the 
p o ly th io n a tes  were removed from the res in  by the n i t r a t e  
elutlnm so lu t ion  but a t  a much slower r a t e  than the uranium, 
and i t  was hoped that prolonged e lu t io n  would p rov id e  a v e ry  
conven ient method o f  regen era t in g  the r e s in .  The r e s in s  remain­
in g  in  the L i f e  T e s te r  were e lu ted  a t  5 mis/minute w ith  5.0 
l i t r e s  o f  the standard e lu t in g  s o lu t io n .  Samples o f  the res in
106/ w e r e . . .  . . ,
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v/ere then removed and th e ir  c a p a c i t ie s  determined. The 
e f f lu e n t  from the e lu t io n  roe c o l l e c t e d  and analysed fo r  
t e t ra th io n a te .
TABLE MO. 30
CALACITIES 0? T-E RESITS AFTER PROLONGED 
NITRATE ELUTION
/' 3 removed 
from res in
Uranium capac lty  
o f  f r e s h  res in
C h lo r id e  capac ity  
o f  fr e sh  r e s in .
lonac 0,94 69 o 5 73
A m berlite 0 o 74 82 90
Dowex 0,48 94 90
Perm utit Q081 85 84
Although an Increase  in  capac ity  was observed, th is  
method was not considered to  p ro v id e  adequate regen era t ion  o f  
the A m ber lite , lonac and I-ermutlt r e s in s .
In view  o f  the presence o f  in s o lu b le  forms o f  sulphur 
on some o f  the res in s  a sodium sulph ide regen era t ion  was 
attempted. Further samples o f  the res in s  were e lu ted  w ith  a 
5/i sodium su lph ide s o lu t io n ,  f o i l  owed by d i lu t e  n i t r i c  a c id  
wash. The ca p a c it ie s  o f  the r e s in s  were determined.
TABLE NO o 51
CAPACITIES OF THE RESINS AFTER 
SODIUL SULPHIDE REGENERATION
Uranium capac ity  
>J o f  fr e sh  res in
! C h lo r id e  ca pac ity  
| /. o f  f r e s h  re s in
lonac 79 74
Am berlite 94 91
; Dowex 95 j  92
i I- ermutl t— — ... .. 97
( 88 )
Except in  the case o f  the lonac res in  s a t i s fa c t o r y  
regen era t ion s  T-ere ob ta ined , However i t  was n o t ic e d  that in  
th is  treatm ent much sulphur was p r e c ip i t a t e d  and on a llow in g
107/ t h e , , ,  t>, ,
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the res in s  to stand in  50/i n i t r i c  a c id  a f t e r  the su lph ide 
regen era t ion  f o r  two days, even h igher  c a p a c i t ie s  were 
ob ta ined .
TABLS MO» 32
CAIACITISS 0? TNE RESINS AFT-r SODIUM 
SUU-HIPS REGENERATION FOLLOWED BY 3o£ 
NITRIC ACID.
Uranium ca p a c ity  
o f  fr e sh  res in
C h lo r ide  ca p a c ity  
% o f  f r e s h  r e s in .
lonac 79 81
A m berlite 97 96
Dow ex 97 98
re rm u t it 98 96
The remainder o f  the r e s in s  in  the L i f e  T e s te r  were 
then g iv en  a 5> sodium su lph ide regen era t ion  fo l lo w e d  by 
a l low in g  them to stand in  30;i n i t r i c  ac id  f o r  three days. 
Loading curves obtained a f t e r  these treatments confirmed that 
s a t i s fa c t o r y  regen era t ion s  had been achieved.
Loading Curves on Pregnant S o lu t io n s „
During the 400 cy c le s  loa d in g  curve te s ts  were 
c a r r ie d  out on the fre sh  res in  a t  89,300 and 400 c y c le s ,  a f t e r  
sodium su lph ide regen era t ion , and a f t e r  30>:' n i t r i c  ac id  t r e a t -  
ment. The curves obta ined from these te s ts  are shown in
F igures Nos. 20 to 23,
In these curves the percen tage o f  uranium ex tra c ted  
a t  any p a r t ic u la r  In s tan t by the column i s  p lo t t e d  aga in s t  the 
t o t a l  amount o f  uranium that has passed through the column. 
These two va r ia b le s  were ca lcu la ted  as fo l lo w s ;
ex tra c t io n  = l o o k  -
( Concentration  o f  U^Og In  in f lu e n t )
Gnu UgOg Throughput * V o l. throughput x cone, o f  U^Og in  in f lu e n t
In  th is  way i t  was hoped to a l low  f o r  small v a r ia t io n s
1  5» h  «  « s .  e
«•“ JL iXa
In  the composition o f  the pregnant so lu t ion s , so that comparable 
curves could be obta ined . I t  was apprec ia ted , however, that 
o n ly  an approximate comparison could be made s ince o th e r  fa c to r s  
such as the F e***  cone,, the pH and the 504"eanc. in  the p reg ­
nant so lu t ion s  had a marked e f f e c t  on the shape o f  the load in g  
curve. In a d d it ion , due to v a r ia t io n s  in  the d i f f e r e n t  batches 
o f  cyanide res idu e  re c e iv e d ,  i t  was im poss ib le  to oroduee 
pregnant so lu t ion s  o f  constant composition f o r  these load in g  
curve t e s t s .
N everthe less  i t  was considered that the fo l lo w in g  
fa c ts  were ev id en t  from a con s id era t ion  o f  the lo a d in g  curves 
shown in  F igures Nos. 20 to 23.
(a ) The i n i t i a l  lo a d in g  curves in  a l l  cases in d ic a te  
su per io r  adsorbtion  c h a r a c t e r is t ic s  to those obta ined a f t e r
the res in  had been in use f o r  a number o f  c y c le s .  The phenomena 
has been observed in many o th er  in s ta n ce s . (S e e  pages 29, 89 .)
The curves obta ined a t  89 and 300 cyc les  are e s s e n t ia l ly  ve ry  
s im i la r ,  and can be considered to be t y p ic a l  o f  the normal 
op era t in g  c h a ra c t e r is t ic s  o f  the res in s  on B ly v o o ru lta ic h t  
pregnant so lu t io n s .
(b ) In the case o f  the A m berlite  r e s in ,  the loa d in g  
curve obta ined a f t e r  complete regen era t ion  o f  the res in  w ith  
sodium su lph ide and n i t r i c  ac id  is  almost Id e n t ic a l  w ith  the 
i n i t i a l  load in g  curve o f  the fresh  r e s in .  This shows that no 
i r r e v e r s ib l e  change has occurred in  the r e s in  i t s e l f  (such as 
a lo s s  o f  exchange '•'•roups o r  permanent mechanical b lo ck in g  o f  
the r e s in )  during the 400 c y c le s .  In the case o f  the Dowex 
and Ferm utit res in s  the load in g  curves a f t e r  regen era t ion  do 
no t e x h ib i t  adsorbtion  p ro p e r t ie s  equal to the fre sh  r e s in .
Th is  cannot be a t t r ib u te d  to a lo s s  o f  exchange ca p a c ity ,  s ince 
the ch lo r id e  and uranium c a p a c i t ie s  a f t e r  regen era t ion  are 
almost Id e n t ic a l  w ith  the fr e sh  res in  ca p a c ity .  The decrease
109/ I n . o. » »
109 »
in the adsorbtion  c h a r a c te r is t ic s  must th e re fo re  in d ic a te  a 
decrease in the ra te  o f  rea c t ion  brought about by some change, 
p o s s ib ly  a mechanical b lock in g  o f  the res in  p a r t i c l e s . In the 
case o f  the Ionac r e s in ,  the ve ry  marked i n f e r i o r i t y  o f  the 
lo a d in g  curves afte?'* regen era t ion  compared r i t h  those o f  the 
fr e sh  res in  can be a t t r ib u te d  to both a decrease in  capac ity  
and in  the ra te  o f  r ea c t io n .
( c )  The decrease in  the adsorption  c h a r a c t e r is t ic s  o f  
the Ionac, Dorex and 1 e rn u t lt  r e s in s  a f t e r  a f e r  c y c le s  operation  
i s  ve ry  much more pronounced than in  the case o f  the A n b e r l l t e  
r e s in .
(d ) The loa d in g  curves .obtained a t  400 cy c le s  i l l u s t r a t e  
a fu r th e r  drop in  the adsorbtion  c h a r a c t e r is t ic s  o f  the res in  
compared to those obta ined a t  89 and 300 c y c le s .  I t  must be 
remembered that during the per iod  300 -  400 c y c le s  no magnetic 
separation  step ras  used p r io r  to lea ch in g . In view- o f  the 
exper ience obtained durinm the in v e s t ig a t io n s  on the form ation 
o f  p o lv th lo n a te s  in connection v i t h  the Western p.e ° fs  poisoning* 
i t  was apparent that the e l im in a t ion  o f  th is  a d d it io n a l  resh ing  
step  mould r e s u l t  in  a g re a te r  amount o f  t e t ra th io n a te  in  the 
pregnant so lu t ion  and consequently  a g r e a te r  degree o f  po ison ing  
on the r e s in  during the p e r iod  300 -  400 c y c le s .
(4 ) DISINTEGRATION TESTS
I t  I s  obv iou s ly  im p ra c t ica b le  to su b jec t  a l l  the various 
re s in  samples re c e iv e d  to a l i f e  t e s t  in  order to determine 
th e i r  a t t r i t i o n  r e s is t a n t  p r o p e r t ie s .  I t  was d e s ir a b le ,  there-” 
fo r e ,  to d ev is e  a more rap id  t e s t  f o r  determ in ing th is  p rop erty . 
As a r e s u l t  o f  the l i f e  t e s t  described  above i t  was p o s s ib le  
to p r e d ic t  w ith  some c e r ta in ty  in rh a t  ray  re s in  d is in t e g r a t io n  
lo s s e s  occurred, and thus to d ev is e  some simple t e s t  to 
measure these lo s s e s .
There aoneared to be three  sources o f  r e s in  lo s s e s .
110/ ( a) S d iu b l l l  t y ,
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(a )  S o lu b i l i t y  lo s s e s ,  brought about by the ve ry  s l i g h t  so lu ­
b i l i t y  o f  the r e s in  in  the various aqueous so lu t ion s  used on 
the Rand. These lo s ses  cannot a u tom atica lly  be considered to be 
n e g l i g i b l e .  The presence o f  a y e l lo w  co lou r  In  the r e c y c led  
barren e lu t in g  so lu t io n , which was i d e n t i f i e d  to be due to 
organ ic  m a te r ia l ,  suggested that the s o lu b i l i t y  o f  the r e s in s
in  ac id  so lu t ion s  over  a la r g e  number o f  c y c le s  might be 
ap p rec ia b le .  However, in  the l i f e  t e s t  descr ib ed , tne sri& I I  
r e s in  lo s ses  observed can be adequately  accounted f o r  by back- 
washing lo s s e s ,  and i t  i s  apparent that v i r t u a l l y  no d is so lu t io n  
o f  the re s in  had occurred.
(b ) D is in te g ra t io n  lo s s e s  brought about by "a c id  shock".
This source o f  d is in t e g r a t io n  was d iscussed w ith  Dr.
W inters and Dr. k irk  o f  the Rohm and Haas Go, U .S.A.
I t  appears that c e r ta in  res in s  are s e n s i t i v e  to sudden 
changes in  i o n ic  concen tra tions , which b r in g  about th e ir  
sudden d is in t e g r a t io n .  This phenomenon i s  a f a i r l y  common 
occurrence w ith  the phenol-form aldehyde based r e s in s ,  but on ly  
occurs w ith  the p o ly s ty ren e  based r e s in s  (which a re  the type in  
use on the Rand) i f  i n s u f f i c i e n t  c ro s s - l in k in g  had been employed 
in  th e i r  nanufactxire. A complete understanding o f  th is  type o f  
d is in t e g r a t io n  has not y e t  been ach ieved , but there appears to be 
a c r i t i c a l  degree o f  c r o s s - l in k in g ,  above which the r e s in s  are 
s ta b le ,  and below which sudden d is in t e g r a t io n  occurs suddenly, 
u su a lly  accompanied by marked changes in  appearance and d e n s i t ie s  
o f  the r e s in s .  Mo such e f f e c t s  have been observed in  the operation  
o f  the res in s  in  the l i f e  t e s t e r ,  and I t  i s  considered  improbable 
th a t  any such d is in t e g r a t io n  occurred,
( c )  The slow d is in t e g r a t io n  o f  the r e s in  in to  ve ry  small p a r t i c l e s  
brought about by the constant pressure and f r i c t i o n a l  abrasion 
occu rr in g  in  column op era t ion . This r e s u l t s  in  the production
o f  exceed ing ly  f in e  p a r t i c l e s  which a re  r e a d i ly  removed during 
the back-washing opera t ion . Although some o f  the coarser  res in
1 1 1 / p a r t i c l e s
FIG. N° 24
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p a r t i c l e s  removed can be screened o f f  from the backwash e f f lu e n t  
and returned to the column, th is  Is  not adv isab le  w ith  the ve ry  
small p a r t i c l e s  s in ce  th e ir  presence g iv e s  r i s e  to a mechanical 
b lo ck in g  o f  the column r e q u ir in g  high so lu t ion  pressures to 
maintain normal f lo w  ra te s .  In the opera t ion  o f  the l i f e  t e s t e r  
these f in e  ^ a r t i c l e s  were re tc in ed  in  the columns by the g lass  
wool f i l t e r s  and r e su lted  in  a mreat dea l o f  op e ra t io n a l  d i f f i ­
c u l t i e s ,  p a r t i c u la r l y  in  the A m berlite  column towards the end 
o f  the 400 c y c le  t e s t .  I t  i s  considered t^a t th is  I s  the major 
source o f  r e s in  lo s s  l i k e l y  to occur in  the opera t ion  o f  the 
ion exchange r e s in s .
Any simple t e s t  which p rov ides  a measurement o f  the 
mechanical s trength  and abrasion r e s is t a n t  p ro p e r t ie s  o f  the 
r e s in  con be expected to measure the r e l a t i v e  s u i t a b i l i t i e s  
o f  the res in s  as regards th e i r  d is in t e g r a t io n  lo s ses  during 
column performance. In a d d it ion  an a r t i f i c i a l  t e s t  \vhlch 
would b r in g  about a slow steady type o f  d is in t e g r a t io n ,  would be 
more r ep re s e n ta t iv e  o f  the ac tua l d is in te g ra t io n  occu rr ing  in  
column o p -ra t ion  than any o ther  more severe  t e s t  r e s u l t in g  in  a 
la r g e  percen tage o f  f in e  p a r t i c l e s .  I t  was, th e r e fo r e ,  o f  advan­
tage to develop a method t-rhere'oy a very  small in crease  in  the 
percen tage " f in e s "  o f  the re s in  could, be measured. Th is was 
ach ieved as d escr ib ed  in  the fo llow in '" ’’ d is in t e g r a t io n  t e s t .
A r t i f i c i a l  D is in teg ra t io n  T e s t s .
50 m is„ o f  the wet s e t t l e d  n i t r a t e  form re s in  were 
introduced in to  the backwashing apparatus shown in  -figure To. 24, 
The h e igh t  o f  the res in  bed was noted and the r e s in  backwashed 
a t  a f lo w  r a te  ad justed  to g iv e  100# bed expansion. Back-ashing 
was continued u n t i l  no more f in e s  were observed to be removed 
from the re s in  bed. The res in  was then tran s fe rred  q u a n t i t a t iv e ly  
in to  a 250 ml. g la ss  otoopered c y l in d r ic a l  b o t t l e  in to  
which were in troduced ten -y" diameter g la ss  beads, each weighing
112/ 0.25 gms.
TABLE NO 0 3 .
DiBlnttfgratlon Tests
RESIN
IN IT IAL
SETTLED
VOLUME,
SETTLED 
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TOTAL
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CAPACITY
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1 TOTAL 
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i
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expanded
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]
r
: f
; ex pan sion
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°P DISINTE­
GRATION 
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O,  25 gms. The t o t a l  volume o f  the r e s in ,  beads and water was 
adjusted to 100 ml. The b o t t l e  was a g i ta te d  on r o l l s  a t  a 
r a t e  o f  60 r .p .m . f o r  a sp ec if ied , t in e ,  u su a lly  one month.
A f t e r  th is  per iod  the res in-was returned to the back- 
washing apparatus and backwashed under e x a c t ly  the same condi­
t ions  o.s b e fo re .  The f in e s  were c o l l e c t e d  q u a n t i t a t iv e ly  by 
f i l t r a t i o n  o f  the backwash e f f lu e n t  through a s in t e r  g la ss  
G-ooch c ru c ib le .  Backwashing was continued u n t i l  no more 
^ a r t i c l e s  were observed to be removed, which in  many cases took 
as long  as two or three hours.
The t o ta l  ch lo r id e  c a p a c i t ie s  o f  the r e s in  remaining 
and o f  the f in e s  c o l le c t e d  were then determined. The l a t t e r  
determ ination  was ca rr ied  out w ithout removing the finer, from 
the c ru c ib le  by repeated washings w ith  a 1 .ON NCI so lu t ion  
fo l low ed  by a water wash and then complete removal o f  the 
c h lo r id e  adsorbed w ith  0.9N NH4NO3  and 0.1N ?!N05f th is  e f f lu e n t  
be ing analysed f o r  ch lo r id e .
This procedure enabled, the percentage lo s s  o f  the res in  
to be ca lcu la ted  on the basis  o f  the ch lo r id e  c a p a c i t ie s .
P. esul ts :
Table Bo, 53 shows the r e s u lt s  ob ta ined  from these te s ts  
on the va r iou s  re s in  samples re c e iv e d  a t  the government Metal­
lu r g i c a l  Labora tory . I t  I s  shown that the p a r t ic u la r  sample 
o f  A m berlite  IH A .400 re s in  used In the L i f e  T e s te r ,  experienced 
a f a r  g r e a te r  d is in te g ra t io n  lo s s  than any o f  the o th er  res in s  
t e s t e d . This sanvole was the f i r s t  batch o f  th is  r e s in  to be 
r e c e iv e d  a t  the Government M e ta l lu rg ic a l  Labora tory , and, as 
po in ted  out by the manufacturers, was produced a t  a t in e  when 
the technique o f  manufacture was s t i l l  In the experim ental stage. 
Samples o f  the Am ber lite  IR A .400 res in  re c e iv ed  a t  a l a t e r  date, 
namely those s w e l l e d  to the be s t e m  Beefs  P i l o t  P la n t  and the 
b e s t  Rond Conso lidated  P la n t ,  experienced on ly  i  o f  the d is in t e -
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P H O T O M I C R O C iR A P H  S O F  V A R IO U S  R E S I N S .
Amparlitg IRA 400. Original 
sample from Rohm & Haas.
Usad in l i f e  la s t .
A m p g r l i t g  t R A  4>Q O . S a m p l g  
s u p p l i e d  t o  W g s t g r n  R g g f s
p i l o t  p l a n t .
A m b e r l i t g  I R A  4 0  O .  S a m p i g  Dov/gx  I . A s  u s g d  in l i f a  t e s t .
s u p p l i e d t o  Wa s t  R a n d  
C o n s o l i d a t e d p l an  t.
FIG No 25
P H O T O M I C R O G R A P H S  O F  VA R i O U S  R E S I N S
C o m p  o u n d  W.L 1 6 0 2 i o n  ac .  A s  us e d  i n  f i f e - t e & t
C o m p o u n d P c r m u t i t  S.E. A s  u s e d  in l i f e * ,  
t t f s t
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g ra t io n  l o r r  o f  thin o r i g in a l  sample o f  Amber l l te .
A ready explanation f o r  the d i f f e r e n c e  in  the d i s in ­
t e g ra t ion  values i s  provided when photomicrographs (shown In 
F igure  Mo. 25) are compared. The o r i g in a l  sample o f  Amberl l te  
IHA.400 can he c l e a r l y  seen to con s is t  e n t i r e l y  o f  I r r e g u l a r l y  
shaped p a r t i c l e s  w ith  an extremely fractured appearance. The 
o ther  two samples o f  the Amber l l te  r e s in ,  although conta in ing 
a p ropor t ion  o f  ouch pa r t ic les , ,  cons is ts  mainly o f  t ru ly  
sp h er ica l  p a r t i c l e s ,  which can be expected to be ve ry  much 
more r e s i s t a n t  to abrasion and d i s in t e g r a t i o n .  The o ther  res ins  
such as Do'vex I ,  lonac, Compound A and Femrutit  SE, which have 
ve ry  small d i s in t e g r a t i o n  l o s s e s ,  are shown to con s is t  almost 
e n t i r e l y  o f  t ru ly  sp h er ica l  p a r t i c l e s ,  on ly  a few1 o f  which 
show signs o f  f r a c tu r in g .  The r e s in  ’v.L. 1602 i s  in term ed ia te  
in  appearance between the Amber l l te  r e s in s  and the t ru ly  
spher ica l  r e s in s  and i s  found to ' e v e  a d i s in t e g r a t i o n  lo s s  
in te rm ed ia te  between these two.
I t  i s  s i g n i f i c a n t  to note that in  the case o f  the res in s  
manufacturer] by r,ohm and Haas, the o rder  o f  in c reas in g  percen­
tage c r o s s - l in k in g  i s  Compound A <  Amber l l te  IRA .400 <
Comoound u .L . 1602. The d i s in t e g r a t i o n  l o s s e s ,  however, are 
0 . 9Af«, .5.7% and 0.6$ which do not fo l low; the some sequence, and 
suggest that the percentage c r o s s - l in k in g  i s  but a minor consid­
era t ion  as regards r e s is tan ce  to abrasion, when compared with 
the shape and nature o f  the in d iv id u a l  p a r t i c l e s .
A rough estimate o f  the expected l o s s  o f  r es in  o«yer a 
g iven  number o f  c ycles can be obtained by a co r r e la t io n ,  o f  the 
data obtained from the above tes ts  with the actua l  lo s s  ex­
per ienced during the operat ion  o f  the l i f e  t e s t e r .  This l a t t e r  
va lue  was obtained by backwashing the Amber l l te  column in  the 
l i f e  t e s t e r  a f t e r  5 c y c le s ,  c o l l e c t i n g  the f in es  removed.
114/ in
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In the e f f lu e n t  and measuring t h e i r  ch lo r id e  capac i ty .
The ch lo r id e  capac ity  o f  t s ese f in es  was found to be 
6.23 r a i l l l e o u l v a l e n t s , l . e .  4.6\% lo s s  over  300 cyc les  or ,  
assuming a constant r a te  o f  d i s in t e g r a t i o n ,  a 15# lo s s  over
1,000 cy c le s .  This lo s s  is  cons iderab ly  l e s s  than that ex­
per ienced in the f i r s t  l i f e  t e s t  o f  the Amber l i te  r es in  over 
600 c y c le s ,  but i t  must be remembered that  in  th is  t e s t  no 
f i l t e r s  had been In s t a l l e d  to p reven t  the lo ss  during backwashing 
o f  the l a r g e r  r es in  p a r t i c l e s  occluded in the coagulated sl ime, 
"he f i g u r e  g iven  in the second l i f e  t e s t  rep resen ts  an unavoid­
ab le  lo s s  and does not Inc lude the l a r g e r  res in  p a r t i c l e s  which 
are removed during backwashing but can, by s u i t a b le  screen ing 
o f  the e f f l u e n t ,  be returned to the columns.
Thus c a lc u la t in g  the expected l o s s  o f  t'-e o ther  r es in s ,  
assuming th is  to be p ropor t iona l  to the d i s in t e g r a t i o n  f i g u r e s  
shown in Table ho. 33, the f o l l o w in g  f i g u r e s  were obtained:
TABLE MO. 34
ELECTED DI3IRTETRATI0T LOSSES 01-’ 
VARIOUS AIM OP EXCi-A"gB RESITS
Loss In 
d i s in t e ­
g ra t ion  
| Test ,  fo 
1 l o s s  per  
] 90 days.
1
Calcu la ted 
expected lo s s  
over  1000 cyc les  
% If--— —,—... „ ,J
Amber l i te  IRA .400 Ex L i f e  T es te r l i . a 15.0
Amberl i te  IRA .400 Ex " e e t .  Reefs 1.5 1 *9
Amber l i te  P h i . 400 Ex VJ. Rand Cons. 1.2 1.5
Compound U,L, 1602 0. o 0.76 |
I-ermutlt 3E 0 . 5 0.64
Compound A 0.24 o ft 03 o
l onac <  0.1 o . i i
Bowex I
......... .... ......_..............  1
<  0.1 < 0 . 1
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I t  must be emphc.sl.sed however, that these f i g u r e s  are 
not  Intended to represent  an accurate est imation o f  the 
expected lo ss  o f  tue r e s in ,  but merely to obtain some idea 
as to whether d i s in t e g r a t i o n  l o s s e s  m i l l  prove  to be a major 
cons idera t ion  In the l i f e  o f  the res in .
116/ CONCLUSIONS.
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The f o l l o w in g  conclusions can be drawn regard ing  the 
l i f e  o f  the anion exchange res in s  opera t ing  on D ly voo ru l t s lch t  
pregnant so lu t ions ,  from the r e s u l t s  o f  these l i f e  t e s t s .
on ly  ser ious type o f  chemical po ison ing  encountered 
In the l i f e  t e s t  o f  the res in s  on the E ly v o o u r l t z l c h t  pregnant 
so lu t ions  was the adsorbtion o f  t e t ra th io n a te  anions. This had 
the e f f e c t  o f  decreas ing the ndsorbtion c h a ra c t e r i s t i c s  o f  the 
res ins  a f t e r  on ly  a few cy c le s ,  but on ly  to the ex ten t  o f  approx­
im a te ly  20% o f  the o r i g in a l  capac i ty .  This po ison, however, did 
not accumulate on the r e s in ,  s ince  I t  i s  m a r t ia l l y  removed 
during the n i t r a t e  e lu t ion  and a type o f  equ i l ibr ium i s  es tab­
l i sh ed  whereby excess ive  amounts o f  t e t ra th io n a te  are removed 
in  the e lu t in g  so lu t ion ,  “’he o v e r a l l  e f f e c t  i s  that the res in s  
opera te  a t  on ly  approximately 80% o f  t h e i r  f re sh  capac ity .
On standing, the te t ra th lon a tes  decompose and sulphur 
i s  p r e c ip i t a t e d  in s id e  the r e s in .  This has a ser ious e f f e c t  on 
the adsorbtion p ro p e r t i e s  o f  the r e s in ,  and precaut ions should, 
be tahen on the f u l l  s ca le  p lan ts  to ensure that r es in  conta in­
ing  toe t e t ra th io n a te  should not be a l lowed to stand in  th is  
cond it ion .
During the f i r s t  100 cyc les  in the f i r s t  l i f e  t e s t  
e x c e p t io n a l ly  severe  po ison ing  occurred on the r e s in .  Although 
a t  the time the nature o f  the poisons was unhnowa i t  i s  now 
apparent, a f t e r  the completion o f  the tes ts  on the ' estern Peers 
r es in s  and the l i f e  tes ts  on the h ly v o o ru i t s l c h t  pregnant 
s o lu t ion ,  that t M s  po ison ing  was due to an excess iv e  amount o f  
p o ly th ion a te  in the nl y v o o r u i t z i c h t  pregnant so lu t ion  produced 
a t  that time. I t  i s  d i f f i c u l t  to expla in the reason f o r  th is  
excep t iona l  concentrat ion o f  o o ly th lo n a te .  In o u i r i e s  a t  the 
l l l o t  r i a n t  have f a i l e d  to r e v ea l  any s i g n i f i c a n t  chan-es in
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the leach ing  or  cyan! cl aid on procedure. I t  i s  p o s s ib l e  that  
the ore  treated a t  t r’a t  p a r t i c u la r  t ine  contained an exceptional  
amount o f  sulphur* compounds which mould form tfetre.thlona.tec. 
during the leach . A t  no o ther  time during the l i f e  t e s t  o f  the 
res in s  mas such ser ious -poisoning encountered. Seventheless 
the p o s s i b i l i t y  o f  very  severe  t e t ra th lo n a te  chemical po ison ing 
taking p la c e  under excep t iona l  cond it ions  must be a n t ic ip a ted .
however, even In such cases, the t e t ra th lo n a te  anion 
and p r e c ip i t a t e d  sulphur can be e f f i c i e n t l y  removed w ith  5/
MaoS fo l lo w e d  by soaking the res in  in 30/:' rT?;o,.
2. The amount o f  c o b a l t l c ya n id e  poison adsorbed on the 
res in  w s  n e g l i g i b l e  and i t  i s  ' apparent that  the R ly v o o ru l t z i c h t  
r i a n t  r i l l  not  expertence troub le  in  th is  r espec t .  The p o ss i ­
b i l i t y  o f  the formation o f  e o b s l t i c ya n id e  during the add it ion
o f  a manganese d io x id e  s lu rry  conta in ing  coba l t ,  to a pulp 
conta in ing  cyanide p r i o r  to the add i t ion  o f  leach ing  acid, must 
be borne in mind. In the l i f e  t e s t  desc r ibed ,  the Kn0o was 
introduced o f t e r  the add it ion  o f  a l l  the leach ing  ac id ,  and i t  
i s  understood that this i s  the procedure adopted a t  the Bly~ 
v o o u r i t z i c h t  P la n t ,  in  which case the p o s s i b i l i t y  o f  c o b a l t ! ”  
cyanide formation I s  e l im inated .
3. The r e s in  lo s ses  encountered during backwashing can be 
cons iderab ly  reduced by the i n s t a l l a t i o n  o f  some form o f  trap to 
catch the l a r g e r  r e s in  p a r t i c l e s  removed s o  that  they can be 
returned to the column. An unavoidable l o s s  does occur due to 
the d i s in t e g r a t i o n  o f  the r e s in .  This d i s in t e g r a t i o n  apeears
to be due to the mechanical abrasion occurr ing  in the column 
and r e s u l t in g  in  the production o f  exceed ing ly  f i n e  p a r t i c l e s  
o f  r e s in ,  which have to be removed to permit  t roub le  f r e e  
opera t ion  o f  the columns. Except in  the case o f  the f i r s t  
sample o f  Am ber l i te  r e c e iv e d  a t  the Government M e ta l lu rg ic a l  
Laboratory ,  th is  unavoidable lo s s  i s  n e g l i g i b l y  small and does
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not warrant cons idera t ion  as a major c r i t e r i o n  in the choice 
o f  the most s u i ta b le  r es in  to be used f o r  Uranium ex tra c t ion  
at  the Blyvoorui. t z l c h t  P lan t ,  I t  would be o f  advantage, 
however, to ensure that the r es in  used possesses a s ta b le ,  
sp h er ica l  end. tin f ra c tu red  p a r t i c l e  form.
4. Of the fou r  res in s  tes ted ,  the Am ber l i te IPA .400 appears
to be super io r  to the o thers .  I t  has the h ighes t  capac i ty  and 
r ea c t ion  r a t e  and i s  l e s s  susceptable to t h e 'p o l y th ionate  
po ison ing  than the o thers .  A f t e r  regenera t ion  w ith  MaQS and• -V
•JNGg i t  e xh ib i t s  almost i d e n t i c a l  adsorbt ion p ro p e r t i e s  as the 
fresh  r e s in .
The lonac r e s in ,  although i n i t i a l l y  having as h igh a 
capac i ty  and r ea c t ion  ra te  as the Am ber l i te ,  d e t e r io r a t e s  to 
a g r e a t e r  ex ten t  during opera t ion .  I t  was found to be im­
p o s s ib l e  to r e s t o r e  the used lonac to the same canac lty  os 
the f r e sh  res in  w ith  the N&oS regen era t ion .
The Dowex I  and Permutlt  r e s in s  have a lower  i n i t i a l  
capac i ty  and i n f e r i o r  adsorbtion c h a r a c t e r i s t i c s  compared with 
the Am ber l i t e ,  although possess ing  g r e a t e r  mechanical .strength.
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FIG. N° 26.
DETAILS OF LIFE TESTER COMPONENTS.
D E T A IL  O F G LA S S  WOOL FILTERS.
GLASS WOOL PACKING,
A
—---- BACKWASH INLET
I'
SO LU TIO N  O U TLE T.
A G LASS D E L IV E R V  T U B E S
B R U B B E R  S T O P P E R S
C. G LA S S W OOL F ILTER
D. R ESIN .
E PO R O US "CRACKERUACK BASE .
DETAILS OP LIFE TESTER 
VALVES.
0  SO LENO ID  OPERATED, SPRING LOAPEC 
W  PLUNGER.
(§ )  RUBBER GASKET
( C )  H A R P  RU BBER  VALVE.
(6 ) VALVE  SEAT.
( § )  S O LU T IO N  INLET.
(p ) S O L U T IO N  O U TLE T.
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DESCRIPTION OF THE LIFE TESTER 
AND" rSTHOD 0? QPERATIonT.. "
The r e e ln s  under t e s t  were contained In 1 “ d iameter 
g la ss  columns. The he igh t  o f  the r es in  bed was approximately 
10",  the t o t a l  he igh t  o f  the column being approximately 30", 
thus a l low ing  adequate space f o r  backwashing.
The var ious so lu t ions  were pumped from the rubber l i n e d  
s torage  drums through §"  Tygon tubing to the top o f  the column. 
I n i t i a l l y  a g la ss  tube ins ide  the column ca r r ied  the so lu t ion  
down the len g th  o f  the f r e e  space above the r e s in  to a d is tance  
1" above the l e v e l  o f  the res in  bed, where i t  was even ly  d i s ­
t r ibu ted  over  the whole column area. This in t e rn a l  d e l i v e r y  
tube was l a t e r  dispensed w ith ,  when I t  became apparent that, 
in the q u a n t i t a t i v e  ch lo r id e  capac i ty  t e s t s ,  e r ro rs  were being 
Introduced by the d i f fu s i o n  o f  ch lo r id e  ions in to  the water in 
the f r e e  space above the res in  bed. The var ious so lu t ions  were 
then d i s t r ib u t e d  a t  the top o f  the column, which r e s u l t ed  in 
the complete displacement o f  any so lu t ion  p r e v iou s ly  in the 
column, ‘-hen i t  became apparent that r es in  l o s s e s  during back- 
washing played an important p a r t  in  the l i f e  o f  the r e s in s ,  
g la ss  wool f i l t e r s  were f i t t e d  a t  the top o f  the column to ac t  
as a trap f o r  the res in  p a r t i c l e s  removed in  the backwash e f f lu e n t  
These f i l t e r s  are i l l u s t r a t e d  in  Figure No. 26, and by su i tab ly  
packing the g la ss  w oo l , i t  was found p o s s ib l e  to p reven t  the 
coarser  p a r t i c l e s  o f  r e s in  be ing removed from the column, while  
a t  the same time p e rm it t in g  the passage o f  the ve ry  f i n e  s l ime.
The g la s s  wool packing was rep laced every 100 cy c le s  and the 
entranced res in  rep laced  in the columns.
The so lu t ions  were pumped by a "Duplex heavy Duty Chem- 
o - f e e d e r "  Diaphragm pump. This pump had two separate  diaphragm
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FIG. No. 27
FLOW DIAGRAM FOR L I F E - T E S T E R .
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mechanisms, each w ith  i n l e t  and o u t l e t  connections, when two 
res ins  were under t e s t  in the l i f e  t e s t e r ,  each o u t l e t  from 
the pump fed  one column, and when fou r  res in s  were under t e s t ,  
one p a i r  o f  columns in p a r a l l e l .  The f l o w  r a t e  o f  the so lu t ions  
could b e 'c o n t r o l l e d  by ad ju s t ing  the s troke  length  which 
perm it ted  f l o w  ra tes  from 0 -  BO mls/min.
The c o r r e c t  f low  o f  the var ious so lu t ions  was c o n t r o l l e d  
by so leno id  operated va lve s ,  the design o f  which i s  shown in  
i i  "ure Mo. 36. These va lv e s  were made to operate  in  the c o r r e c t  
sequence, corresponding to adsorbt ion ,  washing and e lu t ion  
operat ions  by a "Robotron" automatic t imer. This instrument 
was designed to operate  any s i x  va lves  in  any d e s ir ed  combin­
a t ion  f o r  a g iven  pe r iod  o f  time and then sw itch ing  au tom at ica l ly  
to the next; opera t ion .
xhe e lu t ion  operat ion  reou ired  a f l o w  ra te  ve ry  much 
smaller  than that used in the adsorbtion or  washing opera t ions .
10 a°frTev e t-hls w ithout a l t e r in g  the pump s e t t in g ,  a by-pass 
v a l v e  (V .5 )  from the pump o u t l e t  l e a d in g  back to the e lu t in g  
so lu t ion  drum was included in the c i r c u i t .  This v a lv e  was 
operated in conjunction with the va lv e  (¥ .4 )  c o n t r o l l i n g  the 
f low  o f  so lu t ion  to the columns, so that  the e lu t in g  so lu t ion  
was a l t e r n a t i v e l y  pumped to the column and then back to the 
e lu t in g  so lut ion  storage  drum. The timing o f  the opening and 
c lo s in g  o f  these two va lves  was co n tro l l e d  by a "F le x ip u ls e "  
switch which cane in to  operat ion  during the e lu t ion  c y c le s ,  
e . g .  v a lv e  ¥ .5 was open w ith  v a lv e  V.4 c losed  f o r  50 seconds, 
fo l lo w ed  by v a l v e  V.4 be ing open with  V.5 c losed  f o r  10 seconds.
In th is  way the e lu t in g  so lu t ion  was pumped to the res in  columns 
f o r  on ly  10 seconds in  40, thus e f f e c t i v e l y  reducing the f low  
r a t e  to the columns to £ o f  that  o f  the pump f lo w  ra t e .
A stu d y o f  F ig u r e s  Mos. 27 and 28, which show the f low  
diagram and e l e c t r i c a l  c i r c u i t  diagram employed on the l i f e
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SIM PLIFIED  L IF E —T E S T E R  
r i R n i l T  DIAGRAM.
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LIFE TESTER VALVES
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t e s t e r  w i l l  g i v e  a c le a r  Idea  o f  the automatic opera t ion  o f  
th is  instrument to s imulate p la n t  opera t ing  cond it ions .
I t  was not p o s s ib le  to inc lude a backwashing operat ion  
in  the automatic c y c le  s in ce  th is  requ ired  ve ry  ca r e fu l  ad ju s t ­
ment o f  the f l o w  ra te  to avo id  r e s in  l o s s e s .  A manually operated, 
backwashing system was included, and th is  operat ion  was ca r r ied  
out almost every clay,, In most cases the f lo w  ra te  during back- 
washing was ad justed to g i v e  100$ bed expansion, and the washing 
continued u n t i l  the e f f l u e n t  was reasonably f r e e  o f  s l ime. How­
ever  on c e r ta in  occasions a s o l id  plug o f  m ate r ia l  formed on top 
o f  the res in  bed and th is  had to be broken up w ith  a len g th  o f  
thin w ir e  fo i lo w e d  by a l t e rn a t e  backwashes and downwaihes in  
o rder  to remove the accumulated sl ime.
The pregnant so lu t ion  was c l a r i f i e d  through a sand 
f i l t e r  b e fo r e  be ing run in to  the 45 - a l . pregnant so lu t ion  
s torage  drum. I t  was observed that  a f t e r  a. few days standing 
In th is  drum a fu r th e r  amount o f  In so lu b le  m ate r ia l  separated 
from the so lu t ion  and th is  caused a g r e a t  deal, o f  t roub le  by 
b lock ing  the v a lv e s ,  the res in  bed and. the "c ra ck e r - ja ck "  
base supporting the res in s  in the columns.
During the normal operat ion  the barren so lu t ion  was 
d iscarded a f t e r  n e u t r a l i s a t i o n  w ith  l im e .
The e lu t in g  so lu t ion  a f t e r  p r e c i p i t a t i o n  o f  the I ron  
and Uranium was r e a c l d i f l e d  and returned, to the e lu t in g  so lu t ion  
s torage  drum. In order  to avo id  e i th e r  a decrease or  increase  
in  the t o t a l  n i t r a t e  content o f  the so lu t ion ,  the f o l l o w in g  
procedure -regarding the r e c y c l in g  o f  the e lu t in g  so lu t ion  was 
adopted, v.'hen approximately 20 ga ls ,  o f  the e lu a te  had been 
c o l l e c t e d ,  s u f f i c i e n t  ammonia was added to b r ing  the pH o f  the 
so lu t ion  to a va lue  o f  7 .0 .  The add it ion  was made slowly  and 
w h i l s t  s t i r r i n g  w ith  the r e s u l t  that an e a s i l y  s e t t l i n g  p r e c i p i ­
t a t e  was obta ined . The so lu t ion  was allowed to stand o v e r -n ig h t
122/ and
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and the c l e a r  supernatant l i q u o r  decanted o f f ,  f i l t e r e d ; ,  and 
the volume measured. The r e q u i s i t e  amount o f  n i t r i c  a c id  was 
then added to p rov ide  a 0.1N acid so lu t ion .  The f o l l o w in g  c a l "  
cu la t lon  shows that  th is  procedure p rov ides  an approximately 
constant composit ion o f  the e lu t in g  so lu t ion . '
Consider a column o f  A n b e r l i t e  IRA .400 conta in ing  50 
gms„ o f  r e s in .  In each e lu t ion  cy c le  (50 x 3 .6 )  mi 111 equ iva len ts  
o f  n i t r a t e  are  adsorbed by th is  column, and consequently l o s t  in 
the next  ads orb t i  on opera t ion .  I t  has been found t^a t  f o r  the 
complete e lu t ion  o f  th is  column approximately 4 l i t r e s  o f  a 0.1N 
KNOg, 0.9N !TIT^ M0g so lu t ion  are requ ired ,  and approximately 200 
mis. o f  water f o r  washing a f t e r  e lu t ion .  Under these cond it ions  
the volume and concentrat ion  changes are as fo l lo w s :
To ta l  Equiva lents p resen t
Nature o f  E lu t ing  Solut ion V o l . o 03 nh4 TJ+ so4 3 *
I n i t i a l  e lu t in g  so lu t ion ■a o o 4,00 3.6 0.4 n i l
So lu t ion  a f t e r  passage 
through columns and In ­
c luding washings.
4.20 3.02 3.6 0.4 * .16
So lu t ion  a f t e r  n eu tra l -  
i s a t l o n  o f  ac id  & ootn. 
o f  v e * * *  and U09++7
4«, 20 3,02 4.0 n i l * .1 6
Solu t ion  a f t e r  r e a c i d i ­
f i c a t i o n
4.20 4.24 4.0 0.4S - .1 6
Thus i t  can be seen that the n i t r a t e  concentra t ions  o f  
the r e - c y c l e d  e lu t in g  so lu t ion  remains constant a t  1.0N. The 
' ’ "t4+ > the 304 *8 concentrat ion  and the volume o f  the s o lu t io n  
in c rease .  I t  has been shown that  the S04 1 1 bu i ld  up has no 
d e le t e r io u s  e f f e c t  on the e lu t io n  and the NI-T4* and the volume 
in creases  are l a r g e l y  counterbalanced by adsorbt ion  l o s s e s  in 
the ammonium uranate p r e c i p i t a t e .
The r e - c y c l i n g  o f  the e lu t in g  so lu t ion  was continued 
u n t i l  i t  became contaminated in  some way during the automatic, 
opera t ion .  This was o c ca s io n a l ly  due to the incomplete c lo s in g
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o f  the pregnant so lu t ion  va lv e  V.2, caused by the depos i t ion  
o f  in so lub le  m ater ia l  on the va lv e  seat which r e s u l t ed  in a 
leakage  o f  the pregnant so lu t ion  in to  the e lu t ion  c i r c u i t .  I t  
was, however, found p o s s ib le  to r e c y c l e  the e lu t in g  so lu t ion  
f o r  as long  as 200 cyc les  without any immediately aooarent 
t roub le .  At  one stage an attempt was made to use l ime f o r  the 
p r e c ip i t a t i o n  o f  i ron ,  but this r e s u l t ed  in  the depos i t ion  of  
calcium sulphate in  various pa r ts  o f  the e lu t ion  c i r c u i t  causing 
an ex cess iv e  amount o f  opera t iona l  d i f f i c u l t i e s .
Ch lor ide  Capacity  T e s t s .
fhe t o t a l  ch lo r id e  capac ity  o f  the var ious res in  columns 
was measured as fo l lo w s ;
a -Cl so lu t ion  was pumped through the columns a t
a f low  ra te  o f  approximately 10 n ls/n in .  This was continued 
u n t i l  a ch lo r id e  t i t r a t i o n  on the e f f l u e n t  gave an i d e n t i c a l  
r e s u l t  to that on the in f lu e n t .  This u su a l ly  occurred a f t e r  
the passage o f  approximately 4 l i t r e s  o f  s o lu t io n .  The columns 
were then washed w ith  water u n t i l  the e f f l u e n t  contained no 
c h lo r id e .  This step required a f a i r l y  l a r g e  volume o f  water  
f r e e  from any anions such as SO/1' o r  0 0 ^ '1„ To o rov lde  th is  
cond it ion ,  tap water  was passed through a column o f  the ch lo r id e  
form o f  A n b e r l l t e  IRA .400 res in  p r i o r  to i t s  use In washing the 
columns on the l i f e  t e s t e r .
A f t e r  washing, the ch lo r id e  ion on the column was i n i t l ~
a l l y  e lu ted  with C h lo r id e - f r e e  n i t r a t e  e lu t in g  so lu t ion .  I t
was l a t e r  suggested that th is  procedure might r e s u l t  in  the
formation ot aqua-reg ia  due to the high concentrat ions o f  ?-to_ *
o
anc C l 8 in s id e  the res in  p a r t i c l e s .  Th ere fo re ,  in l a t e r  work,
a sulphate so lu t ion  co n s is t in g  o f  l.o?T (>’?*,).,so and o 5 v4 2 4
TToSQ^ was used to remove the ch lo r id e ,
The e lu t ion  was continued u n t i l  no ch lo r id e  was d e te c t -  
ab le  In the e f f l u e n t  when the t o t a l  volume was c o l l e c t e d ,
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measured and assayed f a r  ch lo r id e  by means o f  Vo lhard1 s method. 
The t o t a l  amount o f  ch lo r id e  in th is  e f f l u e n t  was taken to 
represent  the ch lo r id e  capac ity  o f  the column.
Loading Curves:
~he loadin'? curves were obtained, by pass ing  the p a r t i ” 
cuxar pregnant so lu t ion  through the column a t  a constant f low  
r a t e .  Because o f  the p u lsa t in g  nature o f  the f lo w  prov ided  by 
the diaphragm pump i t  was found necessary to in troduce  a i r  in to  
the f r e e  space above t - e  r es in  bed in  o rder  to maintain a 
steady f low  o f  so lu t ion  through the r e s in  bed.
■'•he barren e f f lu e n t  was c o l l e c t e d  in  2 l i t r e  measuring 
c y l in d e rs .  Samples o f  50 mis, were taken f o r  Uranium ana lys is  
ev ry  l i t r e  f o r  the f i r s t  three samples and t h e r e a f t e r  every  
two l i t r e s .  The load ing  was continued u n t i l  approximately  30,.' 
ad.sorbtlon had been reached.
‘ ° r  o t her t e s ts  a small sample o f  r e s in  was removed 
from the column and was obta ined by in s e r t in g  a th in -w a l led  g la ss  
tu .^  o f  -b " in s id e  diameter in to  the column, and s low ly  f o r c in g  
i t  through the res in  bed when a small amount o f  the res in  
entered the tube a t  the d i f f e r e n t  l e v e l s  in t - e  column. The 
top open end o f  the tube was then c losed , the tube removed from 
the column and the res in  sample washed in to  a sample b o t t l e .
V.hen i t  was necessary to des troy  the r e s in  sample removed from 
the column an equal amount o f  f r e sh  res in  was subs t i tu ted  to 
mainta in  a constant column volume.
S E C T  I O N  C
STANDARD TESTS AND ANALYTICAL METHODS.
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STANDARD TESTS AND ANALYTICAL USTH0D3
During the course o f  th is  in v e s t i g a t i o n  i t  was found 
necessary to develop methods f o r  the measurement o f  var ious 
p r o p e r t i e s  o f  the anion exchange res ins  o f  sp ec ia l  i n t e r e s t  
to the ex t ra c t ion  o f  Uranium The s i g n i f i c a n c e  o f  the var ious 
p ro p e r t i e s  o f  the res in s  such as ch lo r id e  and Uranium ca p a c i t i e s  
has been discussed in  a prev ious sec t ion .  A t t en t ion  w i l l  now 
be devoted to the experimental methods developed and used 
during th is  in v e s t i g a t i o n .
I t  must be s t ressed ,  however, that the var ious standard
te s t s  and a n a l y t i c a l  methods descr ibed  below were in v e s t i g a t e d
only  as f a r  as was found necessary to ensure t ’ -at they prov ided
adequate and reproduc ib le  measurements o f  the p a r t i c u la r  p roper ty
under in v e s t i g a t i o n .  N.any improvements and s im p l i f i c a t i o n s  w i l l
suggest themselves during the course o f  fu ture  res in  worl:, but
i t  is  hoped t'->at the methods described may form a basis o f  a
standard system o f  an a ly s is  whereby the p r o p e r t i e s  o f  the various
new and used re s in s  under in v e s t i g a t i o n  may be assessed.
rRSrARATION OF 5AN1-L55. DRYING- QjT T-S 
BS5IM3. AND T-3 HAS 15 FOR EYI-RSSoIN l
~ l x y u TIniSn? ^  results .
In most cases the res in s  as rece ived  were in a moist 
cond it ion  and contained a cons iderab le  amount o f  In so lub le  
m ate r ia l  adhering to them. Approximately 200 gms, o f  the res in  
were washed by a g i t a t i o n  with d i s t i l l e d  water  and subsequent 
decantat ion o f  the supernatant l i q u id .  This was continued 
u n t i l  no fu r th e r  in so lu b le  m ater ia l  arm eared in  the super­
natant l i q u id .
The res ins  were then f i l t e r e d  on a Buchner suction f la s h ,  
and spread out on a p i e c e  o f  b l o t t i n g  paper to remove as much 
as p o s s ib le  o f  the adhering water and whi le  s t i l l  moist,  p la ced  
in  an a i r  t i g h t  b o t t l e .  Samples f o r  ana lys is  were taken by
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spreading out; the r e s in  on a non-adsorbent su r face  and removing 
small amounts.from d i f f e r e n t  pa r ts  o f  the r e s in .
P a r t i c u l a r  care was taken to avoid dry ing  the r e s in  
p r i o r  to the measurement o f  c a p a c i t i e s .  Samples which had 
been, d r ied  b e fo re  r e c e ip t  were al lowed to soak In  d i s t i l l e d  
water f o r  approximately three- days be fo re  capac i ty  measurements 
were made. Such precaut ions were considered necessary s ince  i t  
had been reported  that  a drop in capac ity  was observed a f t e r  
complete d ry ing  o f  the r e s in ,  the capac i ty  being restored, only 
a f t e r  long  per iods  o f  soaking in  d i s t i l l e d  water . The capac ity  
t e s ts  descr ibed  were designed so that the accurate  dry weight  
o f  the r e s in  could be obta ined a f t e r  the capac i ty  had been 
measured.
S im i la r  precaut ions were taken in  the ana lys is  o f  the 
r e s in s  f o r  unstable compounds such as p o ly th lon e te e  which were 
l i a b l e  to decompose a t  high temperatures. In o ther  cases, 
however, where the ana lys is  in vo lved  the d es t ruc t ion  o r  m ar t ia l  
a t tack  o f  the r e s in ,  samples were d r ied  b e fo r e  weighing out 
the amount requ ired  f o r  the a n a lys is .
In o rder  to obta in complete dry ing  i t  was necessary to 
dry the res in s  in an a i r  oven a t  110°C. f o r  24' hours. This, 
time could be cons iderab ly  reduced by washing the res in  with 
a lcoho l  p r i o r  to dry ing .  On exposure to the atmosphere the 
res in s  were found to readsorb moisture r a p id l y  and f o r  th is  
reason a l l  samples were cooled In a d e s s le a to r  and weighed 
Immediately.
The fundamental basis chosen f o r  expressing a n a ly t i c a l  
r e s u l t s  was 1 gm. o f  ch lo r id e  form res in  dr ied  a t  110°C. f o r  24 
hours. In many cases the convers ion o f  the n i t r a t e  form res in  
to the dh lo r ide  form res in  p r i o r  to weighing introduced errors  
in the ana lys is  due to t h e .p a r t i a l  removal o f  the im pur i t ies
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to be determined. In such cases the res in  was d r ie d  and weighed
in  the form r e c e iv e d  and a convers ion f a c t o r ,  d e r ived  below,
used to obta in  the d e s ir ed  weight.
Consider 1 gn. o f  the renin as the f r e e  base'.
Then: wt. o f  ch lo r id e  form = 1 ♦ gmo.
wt. o f  n i t r a t e  form = 1 + gms.
1000
. 1 m .  c h lo r id e  form res in  = gm. n i t r a t e  form
1000 + c x 35o5
There c = capac i ty  in mi111 equivalents/grn. o f  f r e e  base.
In the case o f  the Amber l l te  IRA .400 r e s in ,  where the 
ea o c c i t y  i s  3.6 m i l l ! e q u i v a l ento/gn . o f  dry PC I .
1 vm. ch lo r id e  form res in  S 1.085 gm. UOp ® form r e s in .
The e r r o r  invo lved  in cons ider ing  the capac i ty  in  terns 
o f  gns. dry PCI Ins tead  o f  '’•ns. o f  the f r e e  base i s  n e g l l g a b le .  
S im i la r  convers ions can he a pp l ied  f o r  o ther  forms, o f
r e s i n .
UPAVXU;? ANT) CTTL0PIDS CAl.-dllTY DETSPHIPATIONS 
HNA1NNTC PS.JJIPTD
(a )  PCI sol u t i on. A 1.0M so lu t ion  i s  required
( b) lu r e  Uranium sulphate s o lu t i o n . A so lu t ion  o f  s u f f i c i e n t  
p u r i t y  f o r  th is  purpose was made by d i s s o l v in g  a h igh grade 
ammonium uranate p r e c i p i t a t e  in a s l i g h t  excess o f  PpS04 and 
n e u t r a l i s in g  w ith  ammonia to a. pH between 2 and 3. The con­
cen tra t ion  o f  Cranium i s  not c r i t i c a l  but should be approx i­
mately 1.0 gm. Up--p / l i t r e .  There must be excess sulphate 
p resen t ,  a t  l e a s t  3 no lo ,  sulphate f o r  every  r o d . o f  I.'0o + , i . e .  
aoorox lm rte ly  1.0 gm / l i t r e  o f  sulphate.
Another more s a t i s f a c t o r y  method o f  p repar ing  this 
s o lu t ion  was to b o l l  an excess o f  the ammonium uranate p r e c ip i t a t e  
w ith  sodium carbonate, fo l low ed  by f i l t r a t i o n  and n e u t ra l i s a t io n  
o f  the f i l t r a t e  w i th sulphuric ac id  1, A s l i g h t  excess o f  
ac id  was then added and the so lu t ion  b o i l e d  to expel C0o . The..j/
f r e e  acid was t^en n eu tra l is ed  with ammonia and the pH o f  the
"! 08/ nn l iit.1 nn
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so lu t ion  r-d jus ted to a va lue between 2 ana 3. In th is  way a 
concentrates stock so lu t ion  was obtained which on d i lu t i o n  
rave  the requ ired  concentration o f  appro : - ira te ly  1 * 0  g i y l i t r e  
U3 )0 and approximately 1*0 g n / l i t r e  S04 ' ' .
The ammonium uranate should be as f r e e  o f  s i l i c a  as
p o s s ib l e ,  s ince  l a r g e  amounts o f  th is  
in the t e s t ,  due to the adsorbt ion rs
element cause in t e r f e r e n c e  
s i l i c a t e  anions on the
r e s i n .
( c )  t i t r a t e h in t ing  Solution,, A 1,0?? T r and a“ T-UU *1- *9
so lu t ion  was requ ired .  This reagent  should be f r e e
0.52 HN0„ 
o
o f  c h lo r l de.
2TH0T)
in ;na
Approximately 2 gas. (4 n l s . )  o f  the res in  
11 - la s s  c o l u m n T h e  Uranium so lu t ion  i s
are p laced 
passed
through the res in  bed a t  a f low  ra te  o f  
minute. The passage o f  the so lu t ion  i s  
concentrat ion o f  Uranium in the e f f l u e n t  
centrat.lon in the in f lu e n t  so lu t ion .  A
approximately two mis/ 
continued u n t i l  the 
i s  eoual to the con- 
convenient method f o r
determining when the f low  o f  so lu t ion  should be stopped i s  to 
car y  out a v is u a l  comparison o f  the co lour  developed by t'~e 
add it ion  o j . th iocyanate to the so lu t ions .  1  ml. o f  the e f f lu e n t  
and 1  ml. o f  the Uranium sulphate so lu t ion  are p laced in 
e a s i e r  comparison tubes. To each i s  added 5 mis. o f  50^‘ K’H^CNS, 
2 mis. o f  20/, !TC1 and 2 drops o f  f r e sh  10$ SnClo in  10$ - C l .
The two co lour  in t e n s i t i e s  are then compared and i f  no d i f f e r ­
e n c e  can be observed v i s u a l l y  then the adsorption can be con-
(c )
s idered to be complete.
The res in s  are  washed w ith  d i s t i l l e d  w a te ru ' to remove 
any o f  the Uranium sulphate so lu t ion  entrapped in the column, 
and then e luted with the 1.0N TTC1  so lu t ion .  The e f f lu e n t  i s  
c o l l e c t e d  q u a n t i t a t i v e l y  and the e lu t ion  Is  continued u n t i l  no 
more Uranium appears In the e f f l u e n t ^ !  The column i s  then
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v c shed u n t i l  no trace  o f  ch lo r id e  appears in the washing3.
The HC1 e f f lu e n t  and washings a re  made up to a s u i ta b le  volume 
in a standard f l a s k  and q u a n t i t a t i v e l y  analysed f o r  Uranium' 
end. the amount adsorbed on the column ca lcu la ted .
The res in  i s  then e lu ted  w ith  a n i t r a t e  e lu t in g  so lu t ion  
u n t i l  f r e e  o f  chloride,, The e f f l u e n t  i s  made up to a su i ta b le  
volume, analysed f o r  ch lo r id e  and the amount o f  ch lo r id e  ad­
sorbed on the r es in  determined^f !
The r e s in  i s  q u a n t i t a t i v e l y  removed from the column, 
f i l t e r e d  on a tared s in t e r  g la s s  cu rc ib le ,  and, i f  d e s i r a b le ,  
converted to the ch lo r id e  form by washing w ith  20;J HOI. I t  i s  
then d r ied  a t  110°C. f o r  24 hours and weighed„
For comparison purposes a blank co n s is t in g  o f  an approxi­
mately equal volume o f  the corresponding f r e sh  res in  can be run 
simultaneously under id e n t i c a l  cond it ions .
•he Uranium capac ity  i s  ca lcu la ted  in terms o f  gms U^Oq/ 
gnu dry RC1, or as a percentage o f  the f r e sh  res in s  capac i ty .
The ch lo r id e  capac i ty  I s  most conven ien t ly  expressed in terms o f  
m i l l ! e q u l v a len ts chloride/gm. o f  dry RC1, o r  again as a percen­
tage o f  the f re sh  r e s i n 4s capac i ty .
TJOTSS;
(a )  The Uranium and carbonate present  in  the f i l t r a t e  co rres ­
pond to the s o lu b i l i  ty o f  the complex Ma„ ^U09(C0g ) . Add it ion
o f  a c id  br ings about the formation o f  MaoSOA and UO SO. as fo l lo w s  
{ } 2 '4
’•a4 ( U0o( COg) 4 3;Ir>S04 «  2 NaoS04 4 U0pS04 + 3GOo + 5 HcO 
so that on n e u t r a l i s a t i o n  5 mols. o f  sulphate are o resen t  f o r  
every  1 n o l . o f  bOo**.
'.b) A convenient, column can be made from a 50 ml. bure t te .
The bottom o f  the bu re t te  I s  plugged with p" o f  g la s s  wool to 
a c t  as a support f o r  the resin,,
( c) Pro longed washing o f  the r e s in  should not be employed
since  uranium i s  removed from the r e s in  by excess ive  amounts
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o f  d i s t i l l e d  water. This I s  due In a l l  p r o b a b i l i t y  to the 
d i s s o c ia t i o n  o f  the uranyl sulphate complex,
++
• UiV S04 }a • U02 + x S 0 4 °«
which tak.es p la ce  on the. r e s in .  Two washes o f  25 ml, have been 
found to be s a t i s f a c t o r y ,
(d )  A simple q u a l i t a t i v e  t e s t  f o r  the d e te c t ion  o f  the
completeness o f  e lu t ion  Is  to p la ce  1 drop o f  ly  K.I, and 1 drop 
o f  1 % Na23203 fo l low ed  by 1 drop o f  5/j KgFe(CN)g, I f  Uranium 
:Ls p resen t ,  a brownish-red co loura t ion  i s  obta ined . I t  i s  
important that the e lu t ion  should not be ca r r i e d  much beyond 
the stage  where Uranium Just cannot be de tec ted  by the above 
spot t e s t ,  f r o  longed e lu t ion  w ith  HC1 w i l l  br ing  about p a r t i a l  
removal o f  c e r ta in  o f  the poisons encountered, on the ion exchange 
r e s in s ,
!‘ e ) AnF o f  the standard methods f o r  the determinat ion o f
Uranium can be used. I t  has been found convenient,, however,, to 
d i lu t e  the e lua te  to 1 l i t r e  and determine the Uranium concen­
t ra t io n  by means o f  the th iocyanate  method.
( f )  The only  method found to  be s u i ta b le  f o r  the determinant or
o f  ch lo r ides  in  this so lu t ion  i s  the Volhard method. Po s t  o f  
the adso rb t l on in d ica to r s  f o r  d e te c t in g  the s i l v e r  ch lo r id e  
end p o in t  have been found, to be u n sa t is fa c to ry .  T i t r a t i o n  with 
mercurous o e rc h lo ra te  has a lso  been found to be unsu itab le .
EXT-SRI! K"TAL. QSOIJLTS,
The e f f e c t  on the Uranium capac i ty  o f  the f o l l o w in g  
fa c t o r s  was studied.
( a ) TM... S f  f  ectj. o f  th e Volvn e  of. Uranium So lu t ion  Used I n Ad so r b t lo
Approximately 2.5 gms. o f  A n b e r l i t e  IRA .400 res in  were 
p laced  in  a column approximately 1.0 cm. in diameter. A 
so lu t ion  conta in ing  1,00 gms. UgO^/l i t re ,  3.40 gras. SO^/l i t r e  
and a t  a pTT o f  2.9, which was made as descr ibed  above by d i s s o l ­
v ing  ammonium uranate o r e c ln i t a t e  in TTgSO ,^ was passed through
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the Column a t  a f low  r a t e  o f  2 .mis/min. Samples f o r  ana lys is  
(5  m is . )  were c o l l e c t e d  a t  200 ml. volume in t e r v a l s  and analysed 
f o r  Uranium.
The r e s u l t s  are shown in Tab].e No. 35, which prov ide  
data f o r  the load ing  curve shown in Figure No. 29. By g raph ica l  
in t e g r a t i o n ,  a graph o f  the amount o f  Uranium adsorbed aga inst  
the volume was obtained as shown.
I t  can be seen that i n i t i a l l y  the amount o f  Uranium 
adsorbed increases  r a p id ly ,  but a f t e r  the passage o f  approximately 
1 .2  l i t r e s ,  the amount o f  Uranium adsorbed reaches an approxi­
mately constant va lue o f  0.644 gins.. This corresponds to a 
capac i ty  o f  0.262 gms UgOg/g® RC1, or  0.931 m i l l im o le  o f  U/gm. RC1, 
The t o t a l  ch lo r id e  capac ity  o f  the r e s in  was 316 m i l l ! e q u iv a le n ts /  
gm. PCI, so that  the r a t i o
t o t a l  exchange capac i t y  _  ^ pr- 
mi 111 mol s Uranium adsorbed.
This suggests that the Uranium i s  adsorbed as a t e t r a v a le n t  
anion, p o s s ib le  ,*U0P ( S04 ) gj ’ 1 1 3 .
This confirmed the suggestions made by R.L. Barnard^~  during 
the i n i t i a l  in v e s t i g a t i o n s  on Uranium a&sorbtion a t  the Ilassa- 
chusetts  I n s t i t u t e  o f  Technology.
However i t  was observed that  the concentrat ion  o f  
Uranium in the e f f l u e n t  f 2som the column d id  not q u i t e  a t ta in  
the va lue In the in f lu e n t  so lu t ion ,  but that  a ve ry  slow’ adsorp­
t ion  o f  Uranium continued a f t e r  th is  approximately  constant 
value o f  0.262 gms. UgOg/gm. RC1 had been a t ta in ed .  Subsequent 
te s ts  showed that a f t e r  the passage o f  a l a r g e  excess o f  so lut ion  
f o r  a per iod  o f  5 days, a constant capac i ty  o f  0.33 gms. UgOg/ 
gms PCI could be obta ined. This corresponded to 1 .2  n l l l lm o l e  
Uranium per  gm. RC1, which In d ica tes  the presence o f  a t r i va len t  
Uranium convolex anion.
I t  seems l l l c e l y ,  th e r e fo r e ,  that  the Uranium i s  i n i t i a l l y  
adsorbed as a t e t r a v a le n t  anion, but that a slow reac t ion  occurs 
whereby more Uranium Is adsorbed and th is  anion changes to , a
132/ t r i v a le n  t ,  . . . .
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t r l  va l  en t  anl on .
I t  I s  th is  I n i t i a l  rap id  adsorbtlon o f  the t e t r a v a le n t  
anion which I s  o f  I n t e r e s t  In the app l ic a t ion s  encountered In 
p r a c t i c e ,  and th e r e fo r e  the Uranium capac i ty  t e s t  was designed, 
to measure the capac i ty  o f  the res in  f o r  thin anion. I t  was 
concluded that  l a r g e  excesses o f  the Uranium so lu t ion  should 
not be used nor should the adsorbt lon be continued much beyond 
the s tage  where the i n i t i a l  adsorbt lon i s  complete. At a f low  
r a t e  o f  approximately 2 mis/minute, the d i f f e r e n c e  in  concen­
t ra t io n  between the e f f l u e n t  and the in f lu e n t  a t  th is  s tage  
could not  be de te c ted  by v isu a l  comparison o f  the th iocyanate 
co lour  ard th is  method was used to determine when s u f f i c i e n t  
so lu t ion  had been passed through the column,
( b) The E f f e c t  o f  the pH o f  the Uranium S o lu t io n .
The so lu t ions  conta in ing  1.0 gns UgOg/l l tre  and 3.5 gms 
sulphate/11tre were adjusted to a s e r ie s  o f  pH values shown in 
Table Mo. 36 by the add i t ion  o f  ammonia or  sulphuric ac id .  The 
Uranium ca p a c i t i e s  o f  samples o f  Amber l l te  IR A .400 were determined 
using these so lu t ions  as descr ibed  in  the method. The r e s u l t s  
are shown In Table No. 36 and g ra p h ica l l y  in  f i g u r e  No. 30.
I t  was found that  In o rde r  to obta in  a maximum Uranium 
adsorbt lon ,  the pH o f  the so lu t ion  should be g r e a t e r  than 2.5 
when a capac i ty  o f  0.259 gms UgO^/gm. RC1 was obta ined. A t  lower  
pH va lues ,  lower  Uranium ca p a c i t i e s  were found. This was 
assumed to be due to the p r e f e r e n t i a l  adsorbtlon o f  the b isu lphate  
anion as i l l u s t r a t e d  in p rev ious  work by Barnard and Lower
At pH value above 3.5, the Uranium so lu t ion  was found to 
conta in t races  o f  a ge la t inous  p r e c i p i t a t e  which caused b lock ing  
o f  the res in  column. I t  was concluded, th e r e fo r e ,  that the pH 
o f  the so lu t ion  should l i e  between 2.5 and 3.5.
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TABLE NO 33
ADSORBTION OF tfoOa PROM SYNTHETIC 
SOLUTIONS OF URANIUM' SULPHATE"""
Head So lu t ion
Wt. o f  res in  
Flow ra te
p i r
( dry RC1)
con:
H 1.00 g/1 3,40 g/1 
2.9
2.46 gras.
2 mis/min.
Volume o f  
E f f lu e n t
U30p cone, in  
E f f lu e n t Ex trac t ion
From graph,, v/t. 
U3Qq adsorbed
0.2 l i  t res o ! o2 g/1. 98 0.200 gms.
0.4 II 0 . 24 « 76 0,360 ii
0.6 a 0 . 48 « 52 0.485 il
0 .0 u . C c  70 ,f 30 0. 565 it
1,0 (6 ~ — 0.605 ii
1.2 13 0.94 !t 6 0.624 si |
1.6 13 0 . 97 « 3 0.636 “ 12.0 13 0.98 2 0.644 it
TABLE NO 36
EFFECT OF pH ON THE ADSORBTION OF 
URANIUM FROM SYNTHEiTIC SOLUTIONS?
Head_ S o lution ; 1.0 gm Us0o/1. * 3.5 g/1 S0A < «
Flow ra ts  2 ml/min 4
pH Uranium capac i ty  o f  r es in  
gms, UjjOg/gm.
1.0 0.169
X * 5 0,207
2, G 0.243
2,6 , 0.258
3,0 0,259
TABLE NO 37
MEgCT^|L_SOA» CONCENTRATION ON THE URANIUM CAPACITY
Head sol u t i o n ; 
pH
Flow ra te
1 .0  gra U30q/1£
2,9
2 nl/min
S04 "  Cone, Capo c l  ty
1.0 g/1
2.0 1
0,262 gms U-Oo/gm 
0,260 '
4.0 {| 0.259 <»
—
8.0 tl 0.257 '<
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TABLE UQ 38
EFFECT OF URANIUM CONCENTRATION 
ON RESIN OPACITY ~
Uranium Cone. Capacity
0.5 gras U-iOo/lc 
1 .0  ' "
2.0 t!
5.0 (i
0„ 259 gras U-xOp/gm. 
0.259
0.260 !!
0.265 "
( c ) E f f e c t  o f  the Sulphate Coneen tra t lon
A s e r i e s  o f  so lu t ions  conta in ing  1.0 grae UgOg/l i tre  
an-f1 va ry ing  amounts o f  sulphate a t  a pH o f  2.9 were prepared.
The h igher  sulphate con centra  t lon  a were obtained, by add i t ion  o f  
HagSO/i. The Uranium capac i ty  o f  samples o f  Amber l i te  IRA .400 
was determined using these so lu t ions .  The r e s u l t s  are shown 
in Table No. 37.
I t  was found, that  over  the range o f  sulphate concen­
t ra t io n  in v e s t i g a t e d ,  no s i g n i f i c a n t  change In capac ity  occurred 
w ith  change in  sulphate concentra t ion .
0-oU. Lower ^ found in  h is  in v e s t i g a t i o n s  that the 
amount o f  Uranium adsorbed, decreased apprec iab ly  w ith  in c rease  
in  sulphate concentra t ion  o f  the s o lu t ion .  However, the 
syn the t ic  so lu t ion  used in  h is  t e s t s  contained 0.5 m i l l im o le  
o f  Uranium w h i le  the sulphate concentrat ion  va r ied  from 0 to 
300 n l l l lm o l s .  Under these cond it ions  o f  l a r g e  excesses o f  
sulphate, th is  ion  can be expected to compete su cces s fu l ly  
wioh the Uranium and thus br ing  about a decrease in  Uranium, 
adsorbede The range covered in the experiments descr ibed  above 
i s  3.5 m in im a ls  o f  Uranium and from 10.4 to 83.4 n i l l lm o l s  
o f  sulphate pe r  l i t r e .
I t  can be concluded that over  the range o f  sulphate 
concentrat ions encountered in  the prepara t ion  o f  the Uranium
so lu t ion ,  no s i g n i f i c a n t  change in  the Uranium capac i ty  o f  the 
re s in s  occurred.
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( d) E f f e c t  o f  the Uranium Concentra t ion
Solut ions conta in ing  0.,5 to 5.0 gms UgOa/l l tre  and 
3 « 5 gms SO4/ l i t r e  a t  a pH o f  2.9 ware used to determine the 
capac i ty  o f  samples o f  Amber-11 t e  IRA .400. The r e s u l t s  are 
shown In Table Mo. 38.
Mo s i g n i f i c a n t  change in  capac i ty  was observed to 
occur w ith  changes in Uranium concentra t ion .
l .v ;.  Lower1 ^  found that  a t  low pH va lues (1 ,3 )  and 
high SO4 concentra t ions ,  an in c rease  In capac i ty  occurred with 
in c reas in g  Uranium concentra t ion .  This i s  to be expected since 
the uranyl sulphate anion w i l l ,  a.t h igh concentra t ions ,  compete 
more su cces s fu l ly  w ith  the b lsu lphate  anion which i s  s t rong ly  
adsorbed under these cond i t ions .  None o f  the c a p a c i t i e s  found 
by Lower wap as g r ea t  as the capac ity  determined in the above 
method,
Et can be concluded that  a t  high pH va lues between
2,5 and 3.5 no s i g n i f i c a n t  change in Uranium capac i ty  occurs 
with changes in the Uranium concentrat ion  o f  the so lu t ions .
( e ) The E f f e c t  o f  Imo u r l t l e 3 ;
I t  i s  convenient to prepare the Uranium so lu t ion  from 
on ammonium uranate p r e c i p i t a t e .  This in v a r ia b l y  contains Fe+++ 
and SiOg as im p u r i t i e s ,
n study o f  the e f f e c t  o f  these im pu r i t ie s  was confined 
to an ana lys is  o f  the UC1 e lua te  a f t e r  Uranium adsorbtlon to 
determine to what extent  these compounds were adsorbed. Although 
the i n f lu e n t  so lu t ion  contained these im p u r i t i e s ,  t h e i r  presence 
could not  oe detected in the e lua te  and i t  was assumed, that they 
were not adsorbed by the res in  under the cond it ions  o f  the t e s t .
At a l a t e r  stage i t  was observed that a c e r ta in  Uranium 
so lu t ion  depos ited  in so lub le  s i l i c e o u s  m ater ia l  on the res in  and 
gave lower  c a p a c i t i e s  than were a n t ic ip a ted .  This phenomena 
was put down to be clue to an abnormally high amount o f  s i l i c a
136/ I n . . . . . . . .
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in  the Uranium so lu t ion .  Neverthe less  ammonium uranate pre­
c i p i t a t e s  conta in ing  as much as 15$ S10o have been ex te n s iv e ly  
used f o r  the prepara t ion  o f  the so lu t ion  without anomalous 
r e s u l t s  being obta ined.
I t  i s  considered that the use o f  a reasonably pure 
Uranium p r e c i p i t a t e  as obtained, on the p lan ts  nay be used f o r  
the prepara t ion  o f  the Uranium so lu t ion  without in troduc ing  
ser ious  e r r o r s .
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ANALYSES OF THE RESINS FOR MOISTURE. 
ASR. SILICA, COBALT. IRON AND IJRANIUR.
RETROD;
(a )  Mol stupe. Approximately 10-12 gns. o f  the moist  res in  
sample are weighed in to  a tared moisture dish and. d r ied  a t  
l l ( )°Gc f o r  ?A hours, The sample i s  then cooled  in  a d ess lca to r  
and weighed. The d i f f e r e n c e  in  weight represents  the amount
o f  mater presen t ,
(b) To ta l  Ash, 1 - 2  >gms, o f  the d r ied  sample from (a) are 
weighed in to  a fa red  platinum c ru c ib le ^ a ! The c ru c ib le  i s  
covered and s low ly  brought to a temperature o f  400°C. over  a 
per iod  o f  two hours, This temperature i s  maintained f o r  a 
p e r iod  o f  one hour, a f t e ~  which time the l i d  i s  removed and the 
res in  i g n i t e d  a t  red heat with f r e e  access o f  air- u n t i l  constant 
weight  i s  o b t a in e d ^ !  The c ru c ib le  i s  coo led  in  a d e ss lca to r  
and weighed. The percentage ash can be ca lcu la ted  from the
formula:
% ash = IGOa “ w
Where a .= wt. o f  ash remaining in c ru c ib le  
w -  O r ig in a l  wt., o f  dry  r es in  taken.
( c) S i l i c a ,  The res idue from ( b) i s  moistened with 1 ml. o f  
water fo l lowed  by 1 ml. o f  h yd ro f lu o r ic  ac id .  A f t e r  evaporation 
to dryness on a sandbath, a fu r th e r  1 ml. o f  h yd ro f lu o r ic  ac id  
i s  added and }- ml. o f  50^ Ho50^ and the evaporat ion to dryness 
repeated. The c ru c ib le  i s  heated to red heat f o r  50 minutes, 
cooled in a d e ss lca to r  and weighed.
I f  b i s  the d i f f e r e n c e  in  weight  o f  the c ru c ib le  be fore  
and a f t e r  this treatment, then 
% Si 0q a
(3 )  I ron, U3?anlum and Cobal t .  The res idue from (c )  i s  fused 
w ith  1 gnu o f  potassium pyrosulphate u n t i l  a c l e a r  melt i s  
obta ined . A f t e r  c o o l in g ,  the cake i s  d is so lv ed  in  hot w a t ' r  
and the so lu t ion ,  a f t e r  be ing made up to a d e f i n i t e  volume in  a
130/ standard. . , . ,
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standard f l a s k ,  i s  analysed f o r  Fe, U30g and Co.
I f  s u f f i c i e n t  o f  these elements are p resen t ,  standard
vo lumetr ic  o r  g ra v im e tr ic  methods can be used. Since in  most
cases only  trace  amounts o f  these elements are presen t ,  c o l o u r l -
m etr ic  methods are  p r e f e r a b le ,  and have been found to g i v e
adequately  accurate r e s u l t s  even when l a r g e  amounts are presen t.
Su itab le  c o lou r im e t r lc  methods f o r  these analyses are ;
Fe -  o-phenanthrol lne method^’
U3°8 ~ TW-ocyanate co lou r im e t r lc  method139 
Co -  N i t ro so  -  R -  s a l t  c o lou r im e t r lc  method^9
(e) Other n o n - v o l a t i l e  e lements. The so lu t ion  from (a) can be
used, f o r  a q u a l i t a t i v e  examination f o r  the presence o f  o ther
suspected elements.
NOTES;
(a )  I f  the res in s  are suspected to contain po ly th lon c te s  
and o ther  unstable sulphur compounds, the use o f  a platinum 
c ru c ib le  i s  not recommended s ince  bad s ta in in g  and c r y s t a l l i s a t i o n  
o f  the platinum occurs. In such cases I t  i s  adv isab le  to carry  
out the i g n i t i o n  in a g la z e d  p o rc e la in  c ru c ib le ,  t r a n s fe r r in g
the ash q u a n t i t a t i v e l y  to a tared platinum c ru c ib le  f o r  the 
s i l i c a  determinat ion.
(b )  This procedure i s  e s s e n t ia l  s ince  i t  has been found 
that a somewhat v i o l e n t  decomposition o f  the r e s in  occurs on 
rap id  heat ing which r e s u l t s  in  a lo s s  o f  ash.
^ ° * T f  che determinet ion o f  Fe and U30q I s not requ ired
the oyrosu lphate  fusion can be e l im inated. The add i t ion  o f  1 ml. 
o f  50$ HgS04 fo l lo w ed  by g en t le  heat ing  br ings  about s a t i s ­
f a c t o r y  so lu t ion  of, the Co304 .
ANALYSES OF THE RESINS FOR SULPHUR C01'POUNDS
.a ) To ta l  Sulohur
O r i g in a l l y  th is  ana lys is  was c a r r i ed  out according to 
mschka#s method/'1 but as the in v e s t i g a t i o n  in to  the nature o f
139/ these
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these compounds progressed , a more accurate and qu icker method 
was developed. This depends on the ox id a t ion  o f  these compounds 
w ith  NaOBr and th e ir  subsequent determ ination as su lphate.
NaOBr: D isso lve  s u f f i c i e n t  l iq u id  bromine in  
?:aOTT u n t i l  the deep red co lou r o f  the bromine p e r s is t s .
BaClg so lu t ion : D is so lv e  1 0  gns. o f  A.R. BaCl-, in  
1 0 0  mis. d i s t i l l e d  water.
ilethod: Approxim ately  1 -  2 gms. o f  r e s in  are b o i le d  w ith  20 
mis. o f  NaOBr in  100 mis. d i s t i l l e d  water f o r  one hour. A
s l i g h t  excess o f  HC1 i s  added and the so lu t ion  b o i le d  un til,  
f r e e  o f  bromine.
The res in  i s  f i l t e r e d  on a Mo. 541 Whatman3 s f i l t e r  
paper and washed tw ice w ith  5 ml. p o r t ion s  o f  50$ NCI, fo l lo w ed  
by three washes w ith d i s t i l l e d  water.
The f i l t r a t e  and washes are c o l l e c t e d  and made Just 
a lk a l in e  w ith  ammonia, d i lu ted  to approxim ately  250 m is . ,  and 
made ju s t  a c id  w ith  HC1. The so lu t ion  is  b o i le d  and the sulphate 
p r e c ip i t a te d  w ith  Ba01g in  the usual manner. The res in  i e  washed 
q u a n t i t a t iv e ly  in to  a tored s in t e r  g la ss  c ru c ib le ,  d r ied  under 
suction  and then f o r  24 hours a t  11C)°C„ and weighed.
% To ta l Sulphur = 115... ofJteS04 x Q, 1373 v 
Wt. o f  r e s in  “ *
( b' Free o f  C o l lo id a l  Sulnhnr
C erta in  re s in  samples contain forms o f  sulphur so lub le  
in  CS2. This has been assumed to be f r e e  o r  c o l l o id a l  sulphur 
r e s u l t in g  from the decomposition o f  the p o ly th ion a tes  on the
r e s in .  The fo l lo w in g  i s  the method used f o r  determ in ing th is  
form o f  sulphur.
b ° f  the a i r  d r ied  res in  are weighed in to  a
Soxh le t ex tra c t io n  th ln b le  and ex tracted  f o r  6 hours r i t h  r e ­
d i s t i l l e d  Carbon D isu lph ide in  a Doxhlet ex tra c t io n  apparatus. 
■he Car'bon D isu lph ide e x t r a c t  i s  then evaporated to dryness on 
a w ater bath, and the res idu e  o x id ized  w ith  20 mis. o f  a 10jf nr,
140/ s o lu t io n . . a a O
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so lu t ion  in  10f« HOI. The so lu t ion  is  b o i ls d  u n t i l  clear,, 
d i lu te d  to 250 n l ,  and the sulphate determined by p r e c i p i ta t lon  
mith BaClg in  the usual manner.
The fo l lo w in g  method has been developed f o r  the d e te r ­
mination o f  the sulphur p resen t on a f u l l y  elu ted res in  as the 
t e t ra th io n a te  8 4 0 5 * 1 a n i o n ^
descents: NaOH so lu tions D isso lve  50 gns. o f  NaOH p e l l e t s  in
d i s t i l l e d  mater, co o l ,  and make up to 500 ml.
HQSO4 so lu t ion : 125 mis. o f  C .1 . su lphuric a c id  
are d i lu ted  mi th d i s t i l l e d  w ater, coo led  and made up to 500 mis.
Formaldehyde so lu t ion : A concentrated 4 0 so lu t ion  
as obta ined commercially i s  requ ired .
Iod in e  so lu t ion ; An accu ra te ly  standardised io d in e  
so lx jtion  in potassium io d id e  i s  requ ired .
I'ethod; Approximately 5 gins. i . e .  -  1 0  ml. o f  the moist 
poisoned r e s in ,  are washed in to  a small column. The re s in  i s  
e lu ted  mlth the 10$ NaOH so lu t io n ,  the e lu a te  be ing  c o l le c t e d  
qu a n t lta t im e ly  in a 500 ml, I -h il ip/ s  beaker. A f lo w  r a te  o f  
approx im rte ly  1 drop/second has been found s u ita b le .  A f t e r  
200 ml. o f  the e lu a te  has been c o l l e c t e d ,  a clean beaker i s  
p laced to r e c e iv e  the e lu a te  and the so lu t ion  a lready  c o l l e c t e d  
i s  a c id i f i e d  w ith  the su lphuric acid so lu t io n ,  5 n ls .  o f  40$ 
formaldehyde a d d e d ^  and t i t r a t e d  mlth N/10 io d in e  to the 
f i r s t  starch  end p o in t .
A fu r th e r  100 mis. o f  the e luate  ar© c o l l e c t e d  and 
trea ted  as descr ibed  above, This procedure i s  continued u n t i l  
a 10 0  ml. f r a c t io n  o f  the e lu a te  g iv e s  no fu r th e r  t i t r a t i o n  
mi th io d in e .  U sually  300 n ls .  o f  e lu a te  are s u f f i c i e n t .
The re s in  in  the b u re tte  i s  then washed w ith  water 
fo l low ed  by 1 0 0  mis, o f  a 3, 0% s o lu t ion  o f  H G l ^  and then mashed 
Q u a n t i ta t iv e ly  in to  a fa red  s in te r  g la s s  c ru c ib le ,  d r ied  a t  
110°C. f o r  24 hours and weighed.
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The percen tage sulphur presen t as t e t r a th lo n a te , 840 g ’
I s  g iven  by !-a l
-  -5. x 0.853 '  w
Where x = T o ta l n ls .  o f  0.100 N Iod in e  requ ired  f o r  the
t i t r a t i o n  o f  the e lu a te . 
w *= Wt. o f  the r e s in .
NOTTS:
(a ) The reac t ion s  taking p la c e  on the r e s in  In the case o f
the te t ra th lo n a te  e r a as fo l lo w s  :
4 3406 "  + 60H* -  5S203 " + 23306 " •f 3HoO -  (A)
°,S 30g  1 ‘ + 60H 1 = ^S03 '» + S0O3 ' 1 * 3H20 -  (B)
and combining (A) and (B)
28406 ' a *  60H ' *  33c,03  ‘ 9 + 2S03 ‘ 8 ■f 3H20 -  (C)
Normally these res ct lons  on ly take p la ce In so lu t ion s a t  high
OH' concen tra tions . However, when the t e t ra th lo n a te  I s  adsorbed 
on the r e s in ,  these rea c t ion s  take p lace  due to the adsorbtion  
o f  OH Ions by the res in  and the h igh  concen tra tion  e x is t in g  
In s id e  the pores o f  the r e s in .  (See page 42 .)
I t  can be seen that accord ing to th is  r e a c t io n  8 gn. 
atoms o f  sulphur presen t as the t e t ra th lo n a te  g iv e  r i s e  to the 
form ation o f  3 gm. mole, o f  S3 03 11.
Thus from th is  reac t ion  the equ iva len t  w eigh t o f  the 
D^Og ions I s  2/3 o f  i t s  m olecular w eight.
1 equivalent X3 sol. 5 2/3 X 1 gm. mol. S406
mis. of N/10 iodine X X JEL * .22 3 x 1-  10,c)Q0
. ’» % Sulohur „ _x 8 . 32 . 1 0 0
W 10,000 „ 3
»  0.853
(b ) The formaldehyde I s  added to remove the 80.?1 1 formedo
In rea c t ion  (G) by the form ation o f  an aldehyde b isu lp h ite .  I f  
c o l l o id a l  sulphur i s  o resen t on the r e s in ,  NcoS Is  formed which 
causes in t e r fe r e n c e  in  the t i t r a t i o n .  This can be removed in  
the a lk a l in e  so lu t ion  by the a d d it ion  o f  ZnC03  and f i l t r a t i o n .
14?y ( c )  T h i s . . . .
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( c )  Th is opera t ion  I s  to con vert  the hydroxide form to
the ch lo r id e  form o f  the r e s in .
ANALYSIS OF THE RESIN FOR TOTAL NITROGEN
The KJeXdahl d ig e s t io n  method o f  a n a ly s is  f o r  t o ta l  
n itrogen  has "been su cces s fu l ly  ap p lied  in  the case o f  anion
0 ~ l
exchange re s in  a The term “ t o t a l  n it ro g en "  excludes the 
n itrogen  p resen t on the res in  as an adsorbed n i t r a t e  Ion and, 
s in ce  th is  anion causes In t e r fe r e n c e  in  the a n a ly s is ,  the 
n i t r a t e  e lu ted  r e s in  should be converted  to the ch lo r id e  form 
by washing w ith  10 0  mis. o f  20% HG1  p r i o r  to d ry in g  and weigh ing. 
Ilethods
X gnu o f  the dry ch lo r id e  form re s in  i s  weighed in to  
a KJeldahl d ig e s t io n  f la s k .  1 0  gms. o f  potassium su lphate, and 
30 mis. o f  cone, su lphuric ac id  are added in  th is  o rder . The 
f la s k  i s  covered w ith  a lo o s e  f i t t i n g  stopper andthe m ixture 
b o i le d  u n t i l  a c le a r  so lu t ion  i s  ob ta ined . A f t e r  c o o l in g ,  th is  
s o lu t io n  i s  t ra n s fe r red  to an ammonia d i s t i l l a t i o n  f la s k .  
S u f f i c i e n t  NaOH i s  added to make the s o lu t io n  s t ro n g ly  a lk a l in e  
to ge th er  w ith  a few s ine chips to p reven t bumping. The f la s k  
i s  heated and the l ib e r a t e d  ammonia determined by d i s t i l l a t i o n  
in to  standard, a c id  In  the usual manner.
A blank determ ination  on the reagents used must be 
c a r r ied  out,
mi 1 1 1  equ iva len ts  Nltrogen/gm. dry re s in  «  ^
Where x = ml, N ac id  n e u tra l iz e d  by sample
b «  mis, N acid  n e u tra l iz e d  by "blank"
w - wt« o f  r e s in .
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METHOD OF ANALYSIS.FOR TETRATHIONATSS
IH F.RESHAVT AHD'ELUtY mI  SQI.IITIQNS^
One o f  the major d i f f i c u l t i e s  encountered in  the work 
on p o ly th ion a tes  was the an a lys is  o f  pregnant and e lu t in g  
so lu t ion s  f o r  these compounds. The accepted method o f  determining 
the non-sulphate-su lphur by ox id a t ion  w ith  bromine a f t e r  sulphate 
removal w ith  barium ch lo r id e  proved to be u n s a t is fa c to ry  fo r  
tra ce  amounts o f  p o ly th io n a te  in the presence o f  la r g e  amounts 
o f  su lphate. The i n i t i a l  p r e c ip i t a t io n  and f i l t r a t i o n  o f  the 
barium sulphate from the la r g e  a l iq u o ts  o f  so lu t ion  requ ired  f o r  
the determ ination  presen ted  the major d i f f i c u l t y ;  p a r t i c u la r ly  
s ince the hea t in g  o f  these so lu t ion s  had to be avoided, due to 
the decomposition o f  the p o ly th ion a tes  a t h igh  temperatures, 
Moreover, s in ce  the p o ly th ion a tes  decompose in a lk a l in e  so lu t ion  
the removal o f  i n t e r f e r in g  ions such as Fe^+r> and UOo** could 
not be accomplished by p r e c ip i t a t io n  as the hydrox ide.
The fo l lo w in g  c o lo u r in e t r ic  method f o r  the determ ination  
o f  t ra ce  amounts o f  te t ra th io n a te s  in  pregnant and e lu t in g  
so lu t ion s  was developed* The method depends on the form ation 
o f  th iocyanates w ith  cyanide in  ju s t  a lk a l in e  so lu t ion s  
accord ing to the rea c t ion  :
S4 ° 6 M + 3CN3 + HgO = Sg03 5 5 + S04 8 1 + SON* + 2HCM -  (a )
and subsequent determ ination  o f  the th iocyanate  by means o f  
the f e r r i c  th iocyanate c o lcu r lm e tr ic  method,
Reagents;
(1 ) .S o d U t^ y ^rox4_de So lu t ion ; D isso lve  20 gms, MaOH (chem ica lly  
pure p e l l e t s )  in  100 ml. d i s t i l l e d  water, f i l t e r  and c o o l .
12) de i~>olu11 on; D isso lve  5 gms, o f  fr e sh  chem ically
pure sodium cyanide in 110 mis, o f  d i s t i l l e d  w ater. The p u r ity  
o f  the cyanide i s  im portant; - the so lu t ion  should g iv e  no 
c loud iness when a c id i f i e d  w ith  TTC1, and i f  a llowed  to stand fo r  
s o re  than a few days should be tes ted  be fo re  use,
Hydroc h lo r ic  A c l&  D ilu te  50 mis, o f  the C .k  acid  to
144/ 100 m le , . .
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1 0 0  ml a, w ith  d i s t i l l e d  w ater,
(4 )  F e r r i c C h lor ide  S o lu t ion ? D isso lve  320 gras. FeClg, 6T!o0 
in  wate1' and d i lu t e  to 500 ml. F i l t e r  b e fo re  use,
(5 ) C a t ion Exchange Resin; 5 to 10 n l„  o f  a strong  a c id  ca tion  
exchange res in  a,re requ ired  f o r  each determ ination . A rcberllte  
1R. 120 has been found to be s u ita b le .  The re s in  i s  converted
to the hydrogen form by repeated  washes w ith  1 0 ; ' HC1. 5 to 1 0  
ml. are p laced  In a 1  cm. diam eter g la s s  column f i t t e d  wi'.h a 
«ap. The re s in  can be regenera ted  a f t e r  use f o r  fu tu re  analyses 
by washing w ith  10# HC1 u n t i l  f r e e  o f  Fe+++.
Fethodj
(a )
Two 25 m l . '  a l iq u o ts  o f  the so lu t ion  (one a l iq u o t  as 
a blank) are passed through approxim ately  1 0  ml, o f  the hydrogen 
form ca t ion  exchange r e s in .  The amount o f  r * s in  requ ired  and 
the f lo w  r a te  depend e s s e n t ia l l y  on the amount o f  iron  and f r e e  
ac id  p resen t In  the s o lu t io n .  For a t y p ic a l  pregnant so lu t ion  
con ta in ing , say, 2.5  gras, F e * * * / l i t r e  and 2,0 gms. f r e e  R^SO^/l,, 
1 0  mis. o f  r e s in  in a 1  cm. column w i l l  remove a l l  the inter-? 
©ring ca t ions  a t  a f lo w  ra te  o f  approxim ately  1  droo/ second.
ihe sample i s  run to a l e v e l  Just above the re s in  bed 
and the column washed four times w ith  5 ml. p o rt ion s  o f  d i s t i l l e d  
water. The t o t a l  volume c o l le c t e d  should be kent to a minimum 
since the f in a l  volume a f t e r  the a d d it ion  o f  reagents should 
not exceed 1 0 0  ml.
A f t e r  th is  treatment, the so lu t ion  should be water
white  and possess no- trace  o f  c loud iness.
In the case o f  the one a l lo u o t ,  r e f e r r e d  to as the
(b )
samplef proceed as fo l lo w s :
Add one drop o f  phenolphthalein  In d ic a to r  and make 
Just a lk a l in e  w ith  sodium hydroxide s o lu t io n .  Add 5 ml. o f  £#- 
RaCM so lu t io n ,  s w ir l  and a l low  to stand f o r  1 0  minutes. Then 
a«M 5 ml. o f  50# HC1 so lu t ion  and a l lo w  to stand a f t e r  sw ir l in g  
f o r  a few minutes, Add a ccu ra te ly  5 ml. o f  f e r r i c  ch lo r ide
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so lu t ion  and make up the volume In a 1 0 0  ml. standard f la s k .
in  th e .case o f  the. second a l iq u o t  r e fe r r e d  to as the
, . , (To)
blank proceed as fo l lo w s ;
ndd the same amount o f  sodium hydroxide as requ ired  in  tl 
the sample. Add 5 mla. o f  50$ HCI fo l low ed  a f t e r  a few minutes 
by 5 ml. ot the 5$ NaCN so lu t io n ,  fo l lo w e d  a f t e r  a few minutes 
nore by 5 ml. o f  the f e r r i c  ch lo r id e  s o lu t io n ,  hake up to 
1 0 0  m iso in  a standard f la s k ,
bhould the so lu t ion  be suspected to contain f r e e  cyanide, 
the HCI should be added b e fo re  the MaOH so lu t ion  in  the case o f  
the blank a l iq u o t ,
i '..titer the two so lu t ion s  I f  necessary, and measure the 
tronsn ittancy  o f  the sample compared a ga in s t  the blank a t  
525 <njj wave 1 en g th «  ^0 ^
The s tandard isa t ion  curve r e la t in g  the percen tage  trans­
mission to the amount o f  t e t ra th io n a te  in  s o lu t io n  can be 
obtained by ca rry in g  out the above procedure (o m it t in g  the 
pa^sa ,e o f  the s o la  lion  through the ca t ion  exchange r e s in )  on 
a l iq u o ts  o f  a pure standardised so lu t ion  o f  sodium t e t r a t h io n a t e ^ )  
-me a l iq u o ts  should be chosen so that they p ro v id e  a range from 
0 ~ 8 r a i l l lB'rams o f  sulphur as te t ra th io n a te ,  ’ which i s  the 
range that can be conven ien tly  measured on 1  cm, and 2 cm. c e l l s ,
NOTES;
(a )  The method as described  perm its sample a l iq u o ts  o f  up
to 50 mis. La rger  volumes are not recommended s in ce  la r g e  amounts 
°  ‘ C a t i ° n exohan^e re s in  are then necessary to remove in t e r ­
f e r in g  ca t ion s , w ith  the r e s u l t  that the displacement volume and 
the a c h in g  o f  the column n e c e s s ita te s  making the f in a l  volume 
up to 200 ml. w ith  consequent lo s s  in s e n s i t i v i t y ,
Cb) This procedure o f  tak ing  two a l iq u o ts  and using one as
a blank i s  necessary to e l im in a te  in te r fe r e n c e  from traces o f
th iocyanates o f ten  p resen t in  the pregnant so lu t io n . In e f f e c t
146/ t h i s . . . . .
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th is  method compares the f e r r i c  th iocyanate co lou r  formed from 
both the te t ra th lo n a te  and the th iocyanate o r i g in a l l y  presen t 
in the case o f  the sample, w ith on ly  the th iocyanate o r i g in a l l y  
p resen t in the case o f  the blank* In  the m a jo r ity  o f  the preg­
nant so lu t ion s  on ly  a trace  o f  th iocyanate  i s  p resen t and the 
t e t ra th lo n a te  can be r e a d i ly  determined. I f ,  however 'much 
th iocyanate i s  p resen t, th is  method, a lthough th e o r e t i c a l l y  
s t i l l  a p p l ic a b le ,  has not been found to be s a t is fa c t o r y .  This 
i s  because the instrument used (th e  model DU Beckman Soectro- 
photometer) could on ly  be ad justed  to g i v e  10 0 £ transmission 
w ith  the blame in  p o s i t io n  i f  r e l a t i v e l y  wide s l i t  adjustments 
were used. This gave a ve ry  broad wave len g th  band -which In 
turn in troduced e r ro rs ,
However, on ly  in  ve ry  excep tion a l cases was more than 
a trace  o f  th iocyanate  p resen t in  pregnant solutions.
( c )  The percen tage transmission should be measured w ith in  
30 minutes a f t e r  the add it ion  o f  the FeCl3  to e l im in a te  errors  
due to the fad in g  o f  the f e r r i c  th iocyanate co lou r ,
(d ) The s tandard isa tion  curve obtained f o r  te t ra th io n a te s  
i s  v i r t u a l l y  id e n t ic a l  w ith  the curve obta ined f o r  equ iva len t  
amounts o f  th iocyanate added to a f e r r i c  ch lo r id e  so lu t ion  
accord ing to r e a c t io n  ( a) *
( A method fo r  p reparin g  pure sodium te t ra th lo n a te  i s
75g iven  by H e l l o r .
An accurate vo lum etr ic  method o f  s tandard is in g  th is  
m ater ia l I s  g iven  by M. Soehr lng . 42 
EXPSRIHSMTAL RESULTS;
(1 )  P repara t ion  o f  Solu t io n s  o f  Known Po l y th lona te  Content .
Pure potassium te t ra th lo n a te  was prepared by the method 
g iven  by H e l l o r ' from potassium th iosu lphate and iod in e . This 
s a l t  was stored  in a d esn ica to r  over  cone, sulphuric a c id . 
A n a lys is  o f  the prepared ’<36 4Og (by the su lph ite  rea c t ion
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FIG N° 31.
TRANSMISSION CURVES FOR TETRATHIONATE DETERMINATION.
147
recommended by O-oehring) showed I t  to be 9Q„2% pure*.
For these tas te  0 . 1  gm. o f  K2 S4O5 were a ccu ra te ly  
weighed and d is so lv ed  In 10 0  ml. o f  water. 1  ml. o f  th is  s o lu t lo r  
contained 0.4128 mgms sulphur as te t ra th lo n a te .  This so lu t ion  was 
used immediately s ince the t e t ra th lo n a te  i s  unstable in  aqueous 
so lu t ion  and decomposes a f t e r  a few days.
(2 ) Determination o f  the S tan dard isa t ion Curve.
Volumes o f  the te t ra th lo n a te  so lu t ion  were added to 
the three d i f f e r e n t  so lu t ion s  as fo l lo w s :
Solu tion  ( 1 ) T e tra th lon a te  added to water.
(2 ) T e tra th lon a te  added to 1 0  ml. o f  pregnant so lu t ion
(3 ) T e tra th lon a te  added to 1 0  ml. o f  e lu a te .
So lu t ions  ( 2 ) and (3 ) were passed through the ca tion
exchange column and trea ted  as described, in  the method. 
The fo l lo w in g  r e s u lts  were obta ined:
•
ml. I 'o ly th io n a te  added 
(0.4128 mgms 5/m l, )
............
/ Transmission 2 cm. c e l l  525 mp.
Solu tion  No.
1. Via te r 2 a Pregnant 3. Eluate
0 99.7 •99.5
—--— -■■■■--.. ....... .. ,,,j
90.0
1 (0.413 mgms) 72.0 72.6 64.5
2 (0.826 " ) 52.3 52.8 49.0
4 (1.651 ,s ) 28,0 28,5 26.0
7 (2 .89  ) 11.2 1 1 0 8 10,5
I - lo t t ln g  these r e s u lts  on semi lo ga r ith m ic  caper as shown in 
F igure 31, I t  was found tha t so lu t ion s  (1 ) and ( 2 ) gave v i r t u a l l y  
id e n t ic a l  s t r a ig h t  l in e s  pass ing through the 1.00/1 transmission 
p o in t .  So lu tion  (3 ) gave a l i n e  p a r a l l e l  to the o thers  but 
d isp laced  through the 90'/. transmission p o in t .  A p la n t  e lu a te  
was used in th is  so lu t ion  and th is  d iscrepancy can be s a t is fa c ­
t o r i l y  exp la ined by assuming that a tra ce  o f  t e t ra th lo n a te  was 
o r i g in a l l y  p resen t  in  the p la n t  e lu a te .  In th is  case a l in e  
drawn p a r a l l e l  to that ob ta ined  but pass ing through the Y axis 
a t  10 0 / transmission would g iv e  a true rep resen ta t lon  o f  the
148/ t e t r a th lo n a te . . .
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te t ra th lo n a te  -  percen tage transmission r e la t io n .  Such a l in e  
was found to be id e n t ic a l  w ith that ob ta ined in  so lu t ion s  ( l )  
and ( 2 ) .
s' 3) £fL§0JL-Qf__^J!i.01ls Fee to rs  on T:rancml sslon Val u es .
Fb.e e i i e e t s  o f  c e r ta in  v a r ia t io n s  in  the procedure 
described  were stud ied  as fo l lo w s ;
( a) I I£ f^ L ^ IL a l lp ^ l .n ^ _^ lu J : lo .n s  to stand fo r  various isn.o-ths 
o f  time a f t e r  SaCN nddi ti on_ ' ~ --------—
To 50 ml, o f  d i s t i l l e d  water were added 2 mis. o f  the
prepared te t ra th lo n a te  so lu t ion  (0.7270 ngno S) , 1 drop phenol- 
nhtha le ln  and 1  drop 20# NaOH u n t i l  ju s t  a lk a l in e .  5 m l. o f  5# 
?TaCN were then added and the so lu t ion s  a llow ed  to stand f o r  
va ry ing  len g th s  o f  time,, A f t e r  the e lapse o f  the s ta ted  t in e ,  
so lu t ion s  were a c id i f i e d  w ith  5 ml. o f  1:1 !TC1 so lu t io n , 5 ml.
40.2 Fe013 added and the volume made up to 100 ml. The percentage 
transmission was measured a ga in s t  a blank made up as described  
above, but o m it t in g  the a d d it ion  o f  the te t ra th lo n a te .
Time o f  standing a f t e r  
WaCN a d d it ion  in  mins.
5
15
30
60
135
% Transmission 
1  cm. c e l l
58.0
59.0
58.5
60.0
58.0
It, may be concluded that the rea c t io n  between the 
t e t ra th lo n a te  and the cyanide i s  rapid, and that the time o f  
standing, p rov ided  i t  i s  more than 5 minutes, has but l i t t l e
e f f e c t .
( Ef f e c t  o f  so lu t ion  a l k a l i n i t y
Te tra th iona tes  rea c t  as fo l lo w s  in  so lu t ion s  o f  high 
a lk a l in i t y  ;
43< ° 6 1! * 6 (OH) * «  5Ss03 j « + 2Sg06 ' »  + 3H20
The fo l lo w in g  r e s u lts  showed that the above reaction  
does not occur i f  small excesses o f  NaQH are added to the
149/ so lu t ion
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so lu t ion  p r i o r  to the NaCN ad d it ion .
’
ml. T e tra th lon a te  
so lu t ion  added
%. Transmission 1 cm. c e l l
S o lu t ion  Just a lk a l in e
2 ml, 20/ 
NaOH added 
in  excess
1 66, 6 66,7
2 49.1 48,8
4 25.8 25„9
7 10.3 10,5
The te t ra th lo n a te  so lu t ion  contained 0.,8256 mgms 5/X.
( c ) The e f f e c t  o f  the a c id  added.
The e f f e c t  o f  the a d d it ion  o f  d i f f e r e n t  amounts o f  HC1 
to the so lu t ion s  p r i o r  to the ad d it ion  o f  FeC lg i s  shown below.
ml. T e tra th lon a te  
so lu t ion  added.
% Transmission 1 cm, c e l l
1 ml. l ; l  TTG1 3 ml. 1 :1  HC1 5 ml. 1:1 HG1
1 66.6 67.7 68.5
34.4. 3602 37.5
% 19.0 ■ 19.7 20,2
L________ 7_______________ J 10.6 11.2 11.6
I t  w i l l  be seen that the g r e a te r  a d d it ion s  o f  a c id
r e s u lte d  in  a s l i g h t l y  h igher  percen tage transm ission . However,
w ith  the sm a lle r  q u a n t it ie s  o f  a c id ,  a blue p r e c ip i t a t e
(presumably f e r r i c  fe r ro cy a n id e )  formed on the add it ion  o f  FeOl^
o°
This necessitated , labor iou s  f i l t r a t i o n  p r i o r  to the transmission 
measurement. Thus the h igher a c id  concen tra tion  was p re fe r r e d ,
*dJ on p r i o r  to co lour
The form ation under c e r ta in  con d it ion s , o f  a blue 
p r e c ip i t a t e  on add it ion  o f  HeC^ to the so lu t ion s  suggested that 
the f i l t r a t i o n  o f  even an apparen tly  c le a r  so lu t ion  would 
2’ e su lt  in  d i f f e r e n t  transmission va lues . The fo l lo w in g  re su lts  
showed that th is  was not the case.
150/
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mis, T e tra th ion a te  
so lu t ion  added
% Transmission 1 cm. c e l l
So lu tion  f i l t e r e d S o lu tion  u n f i l t e r e d  j
0 98.0 98.11 70.8 70,9Q 51.9 51.4
27.8 27.27 11.1 11.0
^  .o f  adding va ry ing  anoun te _of ?7aCN so lu t ion
la  v ie v  o f  the p o s s ib le  form ation o f  f e r r i c  ferro™ 
cyanide I t  was thought d e s ir a b le  to omit the add it ion  o f  NaON 
to the blank a l iq u o ts .  The r e s u lts  below, however, show that 
the NaCN e x h ib it s  a s l i g h t  adsorbtion  a t  the wave len gth  used.
Thus in  accurate work the NaCN a d d it ion  should be made to the 
a c id i f i e d  blank.
j
mis. 5# NaON 
added
% Transmission 1 cm. c e l l
So lu tions compared w ith  
fc lm k con ta in ing  no NaCN
| S o lu t ions  compared 
| w ith blank contain™ j  
Ing  same amts, MaCM
1
5
5
j  10
57.9 
37,6 
37.2
36.9
37.9
37.9
37.9
37.9
( f ) The_e|TecX.oflXad ing o f  the f e r r i c  thin 
and o ther  v a r ia b le  a . '  ~   — ~'~™cyanate co lour
Mo q u a n t i ta t iv e  determ inations were c a r r ied  out but 
I t  has observed during the course o f  many analyses that a s l i g h t  
in c rease  in  the percen tage  transmission occurred a f t e r  £ hour 
standing. This was assumed to be the r e s u l t  o f  the fa d in g  o f  
the f e r r i c  th iocyanate co lou r  as observed by o th er  in v e s t ig a to r s .
1 o r  father v a r ia b le s  such as the wave len g th , the 
recommendations o f  o th er  In v e s t ig a to r s  In to  the measurement o f  
ti<e f e r r i c  th iocyanate co lou r were adopted,
( 4 ) L im ita t io n s  o f  Method•
This method has been found to be s a t is fa c t o r y  fo r  
ana lyses  o f  pregnant so lu t ion s  and e lu a tes  con ta in ing  on ly
small amounts o f  th iocyanates . Large amounts o f  th iocyanates
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and substances such as su lph ides, which form th iocyanates  w ith  
NaCN, In t e r f e r e ,
lo ly th lo n a te s ,  o ther than the te t ra th lo n a te s ,  g iv e  
s im i la r  rea c t ion s  w ith  cyanide, but depending on the nature o f  
the p o ly th lo n a te  d i f f e r e n t  amounts o f  th iocyanate are formed. 
Thus complex m ixtures o f  the var ious  p o ly th lon a tes  cannot be 
determined by th is  method a lone, * o rever , i t  appears reason­
ab ly  c e r ta in  that the o o ly th io n a te  p resen t in  pregnant and 
e lu t in g  so lu t ion s  i s  the t e t ra th lo n a te  in  which case th is  
an a lys is  i s  d i r e c t l y  a p p l ic a b le .
15?/ METHOD
•r X5S -
METHOD OF ANALYSIS TOR 0CBALTI GYANIDE 
IN  PREPLANT A*b EI.UflM'i' SOLTOfONS
A method o f  ana lys is  f o r  traces  o f  co b a lt lc ya n id e  
anion in  pregnant and e lu t in g  so lu t ion s  was required.. These 
so lu t ion s  contain  la r g e  amounts o f  Fe‘l'+'}', DO.-,'" and in  the case 
o f  the pregnant so lu t io n s , com parative ly  la r g e  amounts o f  Co++» 
The amount o f  c o b a lt !c ya n id e  p resen t seldom exceeded 0.005 
g m s/ llt re .  Complete p r e c ip l t a t io n  o f  these minute quantltl.ee 
o f  co b a lt !c ya n id e  by means o f  in s o lu b le  m e ta l l i c  s a l t s  proved 
to be im poss ib le ,
A s e n s i t i v e  co lo u r im e tr ic  method f o r  determ in ing coba lt  
vac a v a i l a b l e ^  and the problem o f  the ana lys is  was the separa­
t ion  o f  the c o b a l t l  cyanide from the c a t io n ic  c o b a lt  and other 
im p u r it ie s .  This was achieved by the use o f  ion  exchange 
res in s  in  two ways as descr ibed  below :
METHOD (A) For samples con ta in ing  more than 1 mgn. Co/1,
An a l iq u o t  c f  s o lu t io n ,  not exceeding 50 m ls J a  ^ was 
passed through 10 mis, o f  A n b e r l i t e  IR.X20 ca t ion  exchange 
r e s in  to remove a l l  the im p u r it ie s .  The column o f  re s in  was 
washed fou r  times w ith  10 ml. p o r t ion s  o f  d i s t i l l e d  water. The 
e f f lu e n t  and washings which contained no in t e r f e r in g  ca tions 
were c o l le c t e d  In  a 500 ml, P h i l i p ' s  beaker.
i.o ml, o f  -50^ H.gSO  ^ were added and the so lu t ion  evapor­
ated to dense w h ite  fumes o f  SO,, to decompose the cob a lt !c ya n id e . 
A f t e r  c o o l in g , 1 ml. o f  cone, HNOg end. 1 ml, o f  su lohu rlc~per~ 
c h lo r ic  acid m ixture were added and the so lu t ion  evaporated to 
complete dryness.
The cobo.lt in  the res idu e  was then determined by the 
n i t r o s o -H -s a l t  method^'.
l^H Q D  (B) For samples con ta in ing  le s s  then 1 mgrn/1.
Two anion exchange columns each con ta in ing  approximately 
2 grns. A m berllte  IR A ,400 w-ere s e t  up so tha t the e f f lu e n t  from
the f i r s t  column (A) passed through the second column (B) ^^
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A s u ita b le  a l iq u o t  o f  the so lu t ion  was parsed through the two 
columns in  s e r ie s  a t  a f lo w  r a t e  not exceeding £ ml/nin/sq. cm. 
The columns were then washed th ree  times w ith  50 ml. p o r t io n s  
o f  d i s t i l l e d  water.
The res in  was removed q u a n t i t a t iv e ly  from each o f  the 
two columns and f i l t e r e d  s ep a ra te ly  through a No, 541 Whatman 8 s 
f i l t e r  paper. The res in s  were ashed. In p o rc e la in  c ru c ib le s  
and the ash fumed to dryness w ith  10 mis. 50% Hg304 as described  
in  method (A ) .  The co b a lt  in  the res idues was then determined 
by the M ltro so -R ~sa lt  m e th o d ^  In the m a jo r ity  o f  cases the 
res idu e  from the column A contained a l l  the co b a lt  and when a 
la rg e ,  amount appeared in  B the an a lys is  was repeated  w ith  approx! 
m ately la r g e r  volumes o f  re s in  in  column a . ^
NOTTS:
(a )  rhe n i tro so -R -sa l t  co l cu rl me t r i e  method requ ires  a
sample con ta in ing  from 0.C5 to 0.30 mgme o f  co b a lt .  Larger 
volumes than 50 ml. should not be taken s ince e x c e s s iv e ly  la r g e  
columns o f  the ca t ion  exchange res in  ore  then req u ired . For 
method see r e f .  90.
th) This procedure i s  e s s e n t ia l l y  to ensure that a l l  the
cob a lt !c ya n id e  anions are adsorbed from the pregnant, so lu t ion  
by the anion exchange r e s in s .  In Method A i f  i s  sa fe  to assume 
that i f  no Iron  appears in the e f f lu e n t ,  a l l  the o ther  ca tions 
h<.:-ve a lso  been removed. No such simple t e s t  is  p o s s ib le  to 
ensure that s u f f i c i e n t  r e s in  has been used in  Method R.
CO?'. AMISON OF MKTWnnfp
Of the two methods described , Method A was p re fe r r ed  
f o r  the a n a ly s is  o f  co b a lt !c ya n id e  in so lu t ion s  con ta in ing  more 
Than 1 mgm Co/1. This method possesses the important advantage 
that a l l  the ca tions  such as Fe+ + + and Mn++-which in t e r f e r e  in
the N l t r o s o -R -s a l t  method are e lim ina ted . In t e r fe r in g  anions
154/ such
GENERAL 3URUARY
In v e s t ig e t io n s  have been ca rr ied  out in to  the l i f e  
o f  various Anion Rxchenre Resins employed on the Rand fo r  
t re  e x tra c t ion  o f  uranium from the uranium Leach L iquors .
I t  t-ras found that in  the case o f  the leach  l iq u o rs  
Produced a t  the Res tern Reefs P i l o t  P la n t ,  and a t  the 
’ .'ert Rand Consolidated Uranium p lan t , the major fa c to r  
causing a decre- se in the e f f i c i e n c y  o f  the Ion exchange 
r e s in s  mas the presence o f  c e r ta in  chemical poisons in 
these pregnant so lu t ion s . These poisons mere id e n t i f i e d  
as the C oba lt !cyan ide  Anion Co(CN)6 111 end the Te tra -  
th iona te  anion S^Og11. Doth these compounds are d e r ived  
from cyan ldation  o f  the ore f o r  gold ex tra c t ion  p r io r  to 
the uranium leach . The ca b a lt lc yan id e  is  formed during ' 
i.he cyan lda t ion , and a lso  in  c e r ta in  cases during the 
add it ion  o f  a recyc led  Manganese D iox ide s lu r ry  conta in ing 
co b a lt  to the s l i g h t l y  a lk a l in e  cyanide res idu e , conta in­
ing  traces o f  cyrn lde  anions. The te t re th io n a te  i s  formed 
by che ox id a t ion  o f  th iocyanate anions, formed durinm 
cyan lda t ion , by the acid o x id iz in g  cond it ions  obtained in 
the uranium leach . The amount o f  these compounds anoearing 
in  the pregnant so lu t ions  can be cons iderab ly  reduced by 
the thorough mashing o f  the cyanide res idu e o r l o r  to. the 
uranium leach .
Of these two chemical po isons, the co b a lt !c ya n id e  
anion i s  the most se r ious . Although g e n e ra l ly  presen t in  
sm aller concentrations than the te tra th lon a te  anions, i t  
i s  s t ron g ly  adsorbed by the r e s in ,  and once adsorbed is
e x tr em e ly . .
extrem ely  d i f f i c u l t  to remove. I t  th e re fo re  co n s t itu te s  
a ser ious  cumulative po ison . The te t ra th io n c te  anion on 
the o th er  hand., a lthough s t ro n g ly  adsorbed, is  p a r t i a l l y  
removed by the acid  n i t r a t e  e lu t in g  s o lu t io n ,  and can 
airy.) be com plete ly  removed by regen era t ion  procedures 
sue:1, as t r e a t in g  the poisoned re s in  w ith  60% MaOH or 5% 
haob. A method mas developed fo r  the removal o f  c o b a lt !  -  
cyanide from the poisoned r e s in s  by means o f  hot 50,-'
■4^T‘5; but th is  was not economic on a. la r g e  s c a le .
Th ere fo re  s e ve ra l a l t e r n a t iv e  methods were d iscussed w ith  
a view  to the e l im in a tion  o f  the cobn lt icyan ide  onions 
b e fo re  coning in to  contact w ith the Ion exchange columns.
experiments were a lso  conducted on the l i f e  o f  
various res in s  op era t ing  on pregnant so lu t ion s  produced 
a t  the B ly v o o ru its ic h t  P i l o t  P la n t .
In these so lu t ion s  the amounts o f  the poisons were 
very  small and d id  no t c o n s t itu te  a major cons idera t ion  
in the l i f e  o f  the r e s in s .  In th is  case a d e ta i le d  study 
was made o f  the res in  lo s ses  l i k e l y  to occur due to the 
d is in te g ra t io n  and subsequent removal o f  the f i n e  res in  
p a r t i c l e s  during the backwashing opera t ion s . I t  was 
found that by tak ing ce r ta in  precau tions , these lo s ses  
could be reduced to a minimum, so that no sp ec ia l  con s id era t ie r  
need be devoted to the production o f  a res in  w ith  an excep tion­
a l l y  high abrasion re s is ta n ce .
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